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The INTRO DUCTION. 


* 


O wild and extravagant have been the 
Notions of a great part of Philoſophers, 
both ancient and modern, that it is hard 
to determine, whether they have been 
more diſtant in their ſentiments from truth, or 
from one another; or have not exceeded 
the fancies of the moſt fabulous Writers, even 
Poets and Mythologiſts. This was owing to a 
precipitate proceeding in their ſearching into 
Nature, their neglecting the uſe of Geometry and 
Experiment, the moſt neceſſary helps to the 


finding out Cauſes and proportioning them to 
their Effects. 


Turm manner of Philoſophizing was to 
give bodies certain arbitrary properties, ſuch as 


beſt 


2 The INTRODUCTION. 
beſt ſerv'd their purpoſe in accounting for the 
Phenomena * of Nature; from whence pro- 


ceeded ſo many various Sets of Philoſophers 3 | 


every one aſcribing a different cauſe to the 


| fame appearance, as-his particular genius and 


imagination led him. 


Ins chief agreement obſervable among moft 

of the Ancient Philoſophers confiſts in this, 
viz. that they conceived all bodies as compo- 
ſitions of Air, Earth, Fire, and Water, or ſome 
one or more of theſe, from whence they ac- 
quired the name of Principles or Elements, 
which they ſtill retain. 


Ericurvs advanc'd 4 little farther, and aſ- 


ſerted, that though. bodies conſiſted of ſome | 


one or more of theſe, yet that they were not 
ſtrictly Elements, but that they themſelves con- 
ſiſted of Atoms; by an accidental concourſe of 


which, (as they were moving through infinite 


ſpace in lines nearly parallel) all things received 
their Form and manner of Exiſtence t. 


Drs CAR T xs has contrived an Hypotheſis very 
different from the reſt, he ſets out with a ſup- 

® By a Phænomenon of Nature is meant any motion or 
ſituation of bodies among one another, which offers it ſelf to the 
notice of our ſenſes, and is not the immediate reſult of the action 
of an intelligent Being. 


I For the Opinions of the Ancient Philoſophers conſult D zoge- 
Mes Laertius and Stanley's Lives. | 


poſition 
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pofifioh that the Univerſe at firſt was entirely 


full of matter, that; from this matter when 


firſt put in motion, "there would neceſſarily be 


rubbed off (by the grinding of the ſeveral parts 


one againſt another) ſome particles ſufficient- 
ly fine to paſs through the hardeſt and moſt 
vlid bodies withbur meeting with any reſiſt- 


Materia primi Elementi. He imagined that from 


Hence alſo would reſult other particles of a glo- 


bular form; to which he gave the name of Ma- 


teria ſetunids Element. Thole which did not ſo. 


far loſe their firſt figure, as to come under the 
denomination of Materia promi or ſecundi Ele- 
vents, he call d Materia tertii Elementi; and main- 
fain'd that all the variety, which appears in na- 
tural bodies was owing to different combina- 
tions of thoſe Elements. 


_ Hy Ilkewile ſuppoſes that God created a 
certain quantity of Motion and allotted it to 
this mals of Matter, which therefore (being 
created) cam no mote be annihilated without 


an otittipotent hafid, than Body it ſelf; in 
' conſequence of which he was obliged to 
teach, that' the quantity of motion is al- 
ways the lame: ſo that if all the Men and 


Animals in the World were moving, yet 


ſtill there would be no more motion, than 


when they were at reſt; the motion loſt 
A 2 being 


ace: of theſe conſiſts his Materia ſubtilis, or 
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being transferd to the Æther. So unac- 
countable are the notions of this great Phi- 
loſopher, that it is ſurprizing his doctrine 
ſhould have met with ſuch univerſal recep- 
tion, and have got ſo ſtrong a party of Phi- 
loſophers on its fide, that notwithſtanding 
it was more abſurd, than the Schoolmens 
Subſtantial Forms, they muſt all be exploded 
to make way for his ingenious * © 


| 


"Des 3 has Paſtas ſaid = a late Wri- 


ter * to have joyned to his great genius an ex- 
quiſite skill in Mathematics, and by mixing 
Geometry and Phyſics together to have given 
the World hopes of great improvements in the 
latter. But this Writer ought to have been 
told that what. he look d upon in Des Cartess 


Book of Principles as Demonſtrations, are only 


Illuſtrations, there not being a Demonſtration 
from Geometry i in all his Philoſophical. W orkst. 


41 * 4+ 


Tat preſent 9 of Philoſophizing cſta- 


bliſh'd by Sir 1/aac Newton is to find out the 
Laws of Nature by experiments and obſerva- 
tions. To this, with a proper application of 
Geometry, is owing, the great: ace the 


43/3 


Mr. Wotton | in his Reflection on Ancient and Modern 
Learning. 


+ See this Subject diſcuſs'd more at large i in KeiPs Introduction 
to his Examination of Dr. Burzet's Theory c. Second Edition. 
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The INTRODUCTIOM. 5 
preſent Syſtem of Philoſophy has over all the 
preceding ones, and the vaſt improvement it 


has received within the laſt Age. It is indeed 


in vain to imagine, that a Syſtem of Natural 
Philoſophy can be framed by any other me- 
thod: for without obſervations it is impoſ- 
ſible we ſhould diſcover the Phænomena of 
Nature, without experiments we mult be ig- 
norant of the mutual actions of bodies, and 
without Geometry we can never be certain 


whether the cauſes aſlign'd be adequate to the 
effects we would explain, as the various Sy- 


ſtems of Philoſophy built on other foundations 


| evidently ſhew. 


Tar1s way. of ſearching into Nature was firſt 
propoſed by my Lord Bacon *, proſecuted by 
the Royal Society, the Royal Academy. at Paris, 
the honourable Mr. Boyle, Sir ou n &c. 


WAT at ee in the know- 
ledge of Nature may be made by this method 
of enquiry, when conducted by a genius equal 
to the work, will be beſt underſtood by con- 


ſidering the diſcoveries of that excellent Phi- 


loſopher laſt mentioned. To him it is prin- 
cipally owing, that we have now a rational Sy- 
ſtem of Natural Philoſophy ; 'tis he who, by 
purſuing the ſure and unerring method of rea- 


dee his Novum Organum. 


ſoning 
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6 The INTRODUCTION. 
ſoning from experiment and obſervation, joyn- 
ed with the moſt profound skill in Geometry, 


has carryed his enquiries to the moſt minute 
and inviſible parts of matter, as well as to the 


moſt remote bodies in the Univerſe, and hass 


eſtabliſh'd a Syſtem, not ſubjeCt to the uncer- 


tainty of a mere Hypotheſis, but which ſtands | 


RHO this: ſecure baſts of Geometry it ſelf, 
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T _ the 90 8 Fe l, . 6s or Natural 
Philoſophy to account for The Phenomena 
ot the Material World, it muſt be our method 


to begin with laying down the known: Proper 
tics of Body. 


THESE are I. Solidity. 2; Esten ion. 3. Di- 
viſibility. 4. A capacity of being moved from 
place to place. 5. A Paſſiveneſs or Inactivity. 
Theſe are all the eſſential properties of Bodies 
that we are acquainted with, and that they are 
eſſential, appears from what follows. 

I. SOLIDITY, called alſo Impenetrability, is 


that power which Body has of excluding all 
others out of its place. 


IHATr Body, as ſuch, muſt be endued with 
this property follows from its nature, tor other- 
wiſe two bodies might exiſt in the ſame place, 
which is ablurd. The ſofteſt are equally ſo- 
lid with the hardeſt, for we find by experi- 
ment, that the ſides of a Bladder filled with 


Air or Water, can by no means be made to 
come together x. 


* At Florence a hollow Globe of Gold was fill'd with Water, 
and then exactly clos'd ; the Globe thus clos'd was put into a 
Preſs driven by the force of Screws; the Water finding no room 
for a nearer approach of its particles toward each other, made its 
. way through the pores of that cloſe Metal ſtanding in drops like 
Dew on the outſide, before the Globe would yield to the violent 
Preſſure of the Engine. V. Lecke's Eſſay B. 2. c 4. 


2. IHAT 


8 The Properties of Body. 


2. Thar Body is extended, is ſelf evident, it 
being impoſlible to conceive any Body which 
has not length, breadth. and thickneſs, that is, 
Extenſion. 

3. Ir is no leſs evident that Body is divi- 


Part I. 


ſible, for ſince no two particles of Matter can | 
exiſt in the ſame place, it follows that they 


ate really diſtin from each other, which is all 
that is meant by being diviſible. 


In this ſenſe the Teaft conceivable particle ; 


muſt ſtill be diviſible, ſince it will conſiſt 


of parts, which will be really diſtinct xX. To 


illuſtrate this by a familiar Inſtance : Let the 
leaſt imaginable piece of matter be conceived 


lying on a ſmooth plane, ſurface, tis evident 


the ſurface will not touch it every where, thoſe 
parts therefore, which it docs not touch, may 


be ſuppoſed ſeparable from the reſt, and ſo 
on as far as we pleaſe; and this is what is 


meant when we lay matter is infinitely divi- 
ſible. 


* This Propoſition is demonſtane 8 thin, ſup- 
poſe the line AD (Fig. 1. ) perpendicular to BF and another as 
GH at a ſmall 6 from it alſo. perpendicular to the ſame 
line; with the Centers CCC &c. deſcribe Circles cutting the line 


GH in the points e, e, e, &. Now the greater the Radius AC is, 


the leſs is the part e H. But the Radius may be augmented in in- 
finitum, and therefore the part H may be diminiſhed in the ſame 
manner; and yet it can never be reduc'd to nothing, becauſe the 
Circle can never coincide with the right line AF; conſequently 
the parts of any magnitude repreſented by GH may be diminiſhed 


in infinitum. 


Graveſande's Elem. Math. Phyſ. L. 1. c. 4. Scho 


How 


Q. E. D. V. KeiPs Introd. ad In gs Præl. 3.45 Fo 
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How far matter may actually be divided, 


may in ſome manner be conceiv'd from hence &, 


that a piece of Wire, gilt with ſo (mall a quan- 


| tity as 8 grains of Gold, may be drawn out to 
the length of 13000 frer, the whole ſurface of 
it ſtill remaining cover'd with Gold f. 


A quantity of Vitriol being diſſolved and 
mix'd with 9goo00+:times as much Water, will 


tinge the whole, conſequently the Vitriol will 


be divided into as many parts as there are vi- 
ſible portions of matter in that quantity of 
Water r. 

THERE are Perfumes, which, without a ſen- 
ſible diminution of their quantity, ſhall fill a 
very large ſpace with their odoriferous par- 
ticles, which muſt therefore be of an incon- 
ccivable ſmallneſs, ſince there will be a ſufficient 
number. in every part of that ſpace, ſcnſibly 
to affect the organ of ſmelling. 


4. THAT all matter is moveable follows from 


its being finite: and to ſuppoſe it poſitively. 


* We have a ſurprizing inſtance of the minuteneſs of ſome 


"=u of Matter from the nature of Light and Viſion. Let a Can- 


le be lighted and placed in an open plane, it will then be viſi- 
ble two miles round, conſequently was it placed two miles above 
the ſurface of the Earth, it would fill with luminous particles a 
Sphere, whoſe diameter was four miles, and that before it had 
| loſt any ſenſible part of its weight. The force of this Argument 
will appear better when the Reader 1s acquainted with the cauſe 
of Viſion. 
+ Keil's Introd. ad PhyL. Præl. 5. Religious Philoſ. con- 
templ. 25. 
I Mem. de Þ Fe] 1706. 
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infinite is abſurd, becauſe it conſiſts of parts * 


5. By the Paſſiveneſs or Inactivity of mat- 
ter, (commonly call'd its Vis Inertic) is meant 
the propenſity it has to continue its ſtate of Mo- 
tion or Reſt, till ſome external: force acts upon 
it. This will be farther explain d under the 


firſt Law of Nature. 


CHAP 
Of LV AaCuum.. 
4 


Space or Vacuum. — 


II. Ir has been the opinion of * Phi- 


loſophers, particularly the Carteſiaus, that Na- 
ture admits not a Vacuum, but that the U- 
niverſe is entirely full of Matter, in conſequence 
of which opinion they were oblig'd to aſſert, 


that it every thing contain'd in a veſſel could be 


taken out or annihilated, the ſides of that veſ- 
ſel, however ſtrong, would come together; but 
this is contrary to experience, for the air may 
be drawn out of a veſſel by means of the 
Air Pump, which will nevertheleſs remain 


whole, if its ſides are ſtrong enough to ſup- 


port the weight. of the incumbent Atmoſphere. 
III. SHoULD it be objected here, that it is im- 
poſſible to extract all the Air out of a Veſlel, and 


* Sce Mr. Law's Tranſlation of ABp. King de Origine Malt 
char 


Note 3. 
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LACE void of Matter is call'd empty 
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that there will not be a Vacuum on that ac- 


count; the anſwer is, that ſince a very great 


part of the Air that was in the Veſſel may be 
drawn out, as appears by the quick deſcent of 
light Bodies in a Receiver*, there mult be ſome 
vacuities between the parts of the remaining 
Air: which is ſufficient to conſtitute a Vacuum. 


Indeed to this it may be objected by a Carte- 
fan, that thoſe vacuities are fill'd with Ma- 
teria ſubtilis that paſſes freely through the 
' Tides of the Veſſel, and gives no reſiſtance to 


the falling Bodies; but ſince the cxiſtence of this 


ſame Materia ſubtilis can never be prov'd, we 


are not obligd to allow the objection, eſpe- 


cially as Sir 1/aac Neuton has found, that all 


Matter affords a reſiſtance ncarly 1 in proportion 
to its denſity f. | 

THERE arc many other Arguments to 
prove this, particularly the motions of the Co- 
mets through the Heavenly Regions without 


any ſenfible reſiſtance; the different weight of 


Bodies of the ſame bulk cc. but thoſe being 


not yet explain d are not ſo proper to * in- 
| liſted on in this place. 


* By this Term is meant any Veſſel, out of which we extra 
the Air by the Air Pump. 
+ Newtoni Opt. p. 310, 
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12 Attrafion and Repulſion. Part. I. 
TEE 

Of Attration and Repulfion. 
. ES DES the bree | Proper 


ties of Matter, it has alſo certain pow- 
ers or active Principles, known by the names 


of Attraction and Repulſion, probably not eſ- ö 


ſential or neceſſary to its exiſtence, but im- 
preſſed upon it by the Author of its Being, 
for the better performance of the Offices for 
which it was deſign d. wg 


\ 


II. ATTRACTION is of two kinds. 1. Co- 
heſion, or that by which the ſeveral particles 


whereof Bodies conſiſt, mutually tend toward 


each other. 2. Gravitation, or that by which 
' diftant Bodies act upon cach other. 


III. Tur Attraction of Coheſion is prov'd 
from abundance of Experiments, of which ſom 
of the moſt obvious are as follows. 


1. Lr a ſmall glaſs Tube (commonly call'd | 
a Capillary Tube) open at both ends, be dipt 


into a Veſſel of Water, the Water will im- 
mediately riſe up in the Tube, to a certain 
height above the level. This riſe of the Wa- 


ter is manifeſtly owing to the Attraction of 


thoſe particles of the glaſs which lie in the 
inner ſurface of the Tube immediately above 
the Water: accordingly the quantity of Water 
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Chap. 3. Attraction and Repulſion. 13 


raiſcd is always proportionable to the largeneſs 
of that ſurface X. : So 

2. LET two ſphercs of Quickſilver be pla- 
ced near each other and they will immediate- 
ly run together and form one globule. 

IV. ThE Laws of this Attraction are /. 
That it acts only upon contact or at very 
ſmall diſtances, for the Spheres mentioned in 
the laſt experiment will not approach each 
other till they are placd very near. 2. It 
acts according to the breadth of the ſurfaces 


of the Attracting Bodies, and not accord- 


ing to their quantities of Matter. Let there 
be two poliſh'd glaſs Plates laid one upon a- 
nother in ſuch a manner, as to touch at one 
end, and there make a very ſmall angle: 
if two uncqual drops of oil be put between 


theſe plates at equal diſtances from the line 


of contact, ſo that the leaſt may touch both 
glaſſes, they will then both move towards the 


ends that touch, becauſe the Attraction of the 


* The heights the Water riſes to in different Tubes, are ob- 
ſervd to be reciprocally as the diameters of the Tubes, from 
whence it follows that the quantities raiſed are as the ſurfaces 
which raiſe them. | | | 

Dem. Let there be two Tubes, the diameter of the firft double 
to that of the ſecond, the Water will riſe half as high in the firſt 
as in the ſecond, now was it to riſe equally high in both, the 
quantity in the firſt would be four times as great as in the ſecond, 
(Cylinders of equal heights being as the ſquares of their diameters ; 
11. EI. 14.) therefore ſince it is found to riſe but half as high, 
the quantity is but twice as much, and therefore as the diameter ; 
but the ſurfaces of Cylinders are as their diameters, therefore the 
quantities of Water raiſed are alſo as the ſurfaces. Q. E. D. 
See a Dillertation on this Subject. Part II. 


ſurfaces 


14 Akttraction and Repulſon. Part I. Cl 
ſurfaces inclines that way; but the largeſt, 
touching the glaſſes in moſt points, will move 11 
the faſteſt. 3. "Tis obſervd to decreaſe much 


more than as the ſquares, of the diſtances of 41 


the Attracting Bodies from each other in- 
crcaſe : that is, whatever the force of Attra- 
ction is at a given diſtance, at twice that di- 
ſtance it ſhall be more than 4 times leſs than 
before *. : 
V. From hence it is eaſy to account for the 
different degrees of hardneſs in Bodies; thoſe 
whole conſtituent particles are flat or ſquare, ' 
and ſo ſituated as to touch in many points, 
will be hard; thoſe particles which are more 
round and touch in fewer points will conſtitute a a 
ſofter Body ; thoſe which are n will 
form a fluid}. | 
VI. ATTRACTION of Gravitation is han by 
which diſtant Bodies act upon each other. This 
is ſeen every day in the falling of _ Bodies 
toward the Earth. 
VII. Taz Laws of this Attraction are 1. That 
it decreaſes as the ſquares of the diſtances be- 
tween the Centers of the attracting Bodies in- 
creaſe. Thus a Body at the ſurface of the Earth ' 
(i. e. about the diſtance of 4000 miles from its 
Center,) which weighs 10 Pounds, if it was plac d 
4009 miles above the ſurface of the Earth z. e. 
twice as far diſtant from the Center as before, 


* V. Keilii Opera Ed. 4to. p. 626. 
+ Newton; Optic. p. 335. 


would 


I ould weigh 4 times leſs, if thrice as far, 9 
times leſs ec. The truth of this — 
is not to be had from Experiments, (the utmoſt 
f Uidance we can convey Bodies to, from the 
ſurface of the Earth, bearing no proportion 
to their diſtance from its Center,) but is ſuf- 
di- ficiently clear from the 1 oblery'd by 
an the Heavenly Bodies. 2. Bodies attract one 
another with forces proportionable to the 
he quantities of Matter they contain; for all 
Me Bodies are obſery'd to fall cqually faſt in the 
re, exhauſted Receiver, where they meet with 
ts, no reſiſtance. From whence it follows, that 
IC the action of the Earth upon Bodies is exact- 
ea ly in proportion to the quantities of Mat- 
ul ter they contain; for was it to act as ſtrongly 
upon a leſs Body as upon a larger, the leaſt Body 
by being moſt eaſily put into motion would move 
is the faſteſt. Accordingly it is obſervable that 
es the weight of a Body is the ſame, whether it 
be whole or ground to powder. 
at VIII. FRoM hence it follows, that was a 
E- Body to deſcend from the ſurface toward the 
n- Center of the Earth, it would continually be- 
come lighter and lighter, the parts above at- 
tracting it as well as thoſe below, in which 
d i caſe it is demonſtrated by the Mathematicians 
that the Gravity would decreaſe with the dis 
e, ſtance of the Body from the Center. 


=. Grawveſanae Lib. 4. Chap. 11. Cotes's Preface to Me $ 
| Princip. 
d 1 + Dem. Let there be a Body 3s P, ( Fig. 2.) placed any where 
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that when Philoſophers ſpeak of Bodies gravi- 
tating to, or attracting each other, that Body 
is ſaid to gravitate to another, which moves 


towards it, while the other actually is, or ap- 


pears to be at reſt, and this other is ſaid to at- 
tract the former; though indeed the force be- 


within a concave ſphere, as 4B, which let us ſuppoſe divided 
into an infinite number of thin concentric ſurfaces; I ſay the 


Body P will be attracted equally each way by any one of theſe, -: 


w. g. the interior THX L. Let there be lines as IL, HK, &c. 
drawn through any point of the Body P, in ſuch a manner as to 


form the ſurface of two fimilar figures, ſuppoſe Cones, the diameters 
y ſmall. | 


of whoſe baſes may be IH, KL, which let be infinite] 
Theſe baſes (being as the ſquares of the lines 7H, KL) (20. Elem. 
6.) will be directly as the ſquares of their diſtances from P (for 
the Triangles being infinitely ſmall are fimilar.) But thoſe baſes 


Include all the particles of matter in the interior ſurface, that are 


oppoſite to each other; the oppoſite attractions are therefore in 
the ſame ratio with thoſe baſes, that is as the ſquares of the di- 
ſtances PH, P 7. But the attraction is inverſely as the ſquares of 
the diſtances of the attracting Bodies, F. 7. 1. 6. inverſely as the 
ſquares of the ſame diſtances PK, PI; theſe two ratios deſtroying 
each other, it is evident, that if the concavity of the Sphere was 
fill'd with Matter, that alone, which lies nearer the Center 


48 


Scholiam. Ir may be proper to obſerve here, 
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than the Body, can affect it, the reſpective actions of all the 
parts, that are more diſtant, being equal, and in contrary di- 
rections, ſince the ſame is demonſtrable of any of the remaining 


concentric ſurfaces. 


Let us then ſee what effect that which lies 


nearer the Center than the Body will have upon it, which may be b 
conſidered as a Sphere, on whoſe ſurface the Body is plac'd. The 


diſtances of each particle of Matter from the Body, (taken collective- 3 


ly) will be as the diameter of the Sphere, or as the Radius, i. e. as the 


diſtance of the Body from the Center; their action therefore 


upon the Body will be inverſely as the ſquare of that diſtance: 
rat the quantity of Matter will be as the cube of that diſtance; 
(18. Elem. 1 2.) the attraction therefore will be alſo in that propor- 
tion. Now, theſe two ratios being compounded, the attraction 


will be only as the diſtance of the Body from the Center. Q. E. D. 
og 


. 
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Chap. Js. AG and 2 Fort. 17 


ing mutual and equal on both ſides (as will 
be explain d under the 34 Law of Nature) the 
ſame Term might be apply'd to cither the Bra 
vitating or attraQting Body. 

I is farther to be e that when we 
uſe e i: Terms, Attraction or Gravitation, 


\ 4 . " 


ſuppoſed Gocult Pon a, in Bodies; but only 


ule thoſe Terms to ſignify an Effect, the 
Cauſe of which lies out of the reach of our 
Philoſophy. Thus we may ſay, that the 
Earth attracts heavy Bodies; or that ſuch 
Bodies tend or gravitate to the Earth: though 
at the ſame time we are wholly ignorant 
whether this is effected by ſome power actu- 


ally exiſting in the Earth or in Bodies, or ex- 


ternal to both: ſince it is impoſſible any error 


in our. reaſonings can follow from hence; it 


being evident, that all the conſequences of 


ſuch tendency muſt be the ſame, let the cauſe 


be where or what it will. 

X. REeULS1ON is that property in Bodies, 
whereby if they are placed juſt beyond the 
Sphere of each others Attraction of Coheſion, 


| they mutually fly from each other. 


Tnus if an oily Subſtance lighter than 


Water be placed on the ſurface thereof, or 


if a piece of Iron be laid on Mercury, the 
ſurface of the fluid will be depreſsd about the 


f Body laid on it. This depreſſion is manifeſt- 


— - 2 
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18 Aurackion an Repulfion.” Part 1. 


ly occaſion'd by a repelling power in'the Bo- 
dies, Which hinders the approach of the Huid 
towards them, 

BuT it is poſſible in ſome cies to preſs 

or force the repelling Bodies into the 8 
of one anothers attraction; and then the will 
mutually tend towards each other, as when 
we mix Oyl and Water Hill they incorpo- 
rate . 
XI. BESIpEs the gener Powers" fotemers: 
tioned there are ſome Bodies that are endued 
with another call d Electricity. Thus Amber, 
Jet, Sealing-Wax, Agate, Glaſs and moſt kinds 
of Precious Stones attract and repel 1 Bo- 
dies at conſiderable diſtances. 

THE chief things obſervable in theſe 
Bodies are. 1. That they don't act but when 
heated. 2. That they act more forcibly when 
heated by rubbing than by fire. 3. That when 
they are well heated by rubbing, light Bodies 
will be altcrnatcly attracted and repell'd by 
them, but without any obſervable regularity 
whatcycr. 4. If a line of feveral yards in length 
has a Ball or other Body ſuſpended at one 


end, and the other end be fixed to 0 a last Tube; 


when the Tube is heated by rubbing, the Electri- 
cal Virtue of the glaſs will be communicated 
from the Tube to the Ball, which will attract and 
repel light Bodies in the ſame manner as the 


* We have an undeniable Proof of this Repullive Force in 


glaſs | 


Sir Ljaac Newton's Opticks, B. 3. and Query 31. 
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Chap. 4. D Laws of Motion. 19 


glaſs it ſelf does. 5. If the glaſs Tube be 
empticd of Air, it loſes its Electricity *. 

XII. LAsrLx, the Loadſtone is obſerv'd to 
have Properties peculiar to it ſelf, as that by 
which it attracts and repels Iron, the Power it 
communicates to the Needle and ſeveral o- 
thers f. 


CHAP. IV. 


2 7 the” Laws of Motion commonly cal- 
led Sir Iſaac Newton 8 Laws of Ma- 


Tue. 


their ſtate of 
reſt or uniform motion in a right 
line, till they are made to change that ſtate 
by ſome external force impreſſed upon them. 

Tris Law is no other than that univer- 
{al property of Bodies, call'd Paſliveneſs or In- 
activity; whereby they endeavour to conti- 
nue the State they are in, whatever it be. 
Thus a Top only ceaſes to run round on ac- 
count of the reſiſtance it meets with from the 
Air, and the friction of the plane whereon it 


I. LL Bodies continue 


* See Hauksbee's Experiments. Philef ph. Tran ſact. Numb. 1 
+ Several ſolutions of theſe Properties of Electricity and Mag- 


N 20 have been attempted by different Philoſophers, but all of 


them ſo unſatisfactory as not to deſerve a particular account in 
this Place. See Chamberss Dictionary in Electricity, and Des 
Cartes Opera Philoſophica. P. IV. F. 133. with ſeveral others 
cited in 2 Quekiones MR phica. | 
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moves. And a pendulum when left to vibrate 
in vacuo, where there is nothing to ſtop it 


but the friction ariſing from the motion of the b 


pin on which it is ſuſpended, continues to 
move much longer than one in the open Air. 


II. ThE change of Motion, produc'd in any 
Body, is always proportionable to the force, 
whereby it is effected; and in the ſame dire- 
ction, wherein that force acts. 


Ta1s is an immediate conſequence of this 


Axiom, the Effect is always proportionable to 
its Cauſe. For inſtance, if a certain force pro- 
duces a certain motion, a double force will pro- 
duce double the motion; a triple force triple 
the motion c. If a Body is in motion, and has 
a new force impreſſed on it in the direction 
wherein it moves, it will receive an addition 


to its motion proportional to the force im- 


preſſed; but if the force acts directly contrary 
to its motion, the Body will then loſe a pro- 
portional part of its motion: again, if the 
force is impreſſed obliquely, it will produce a 
new direction in the motion of the Body, 
more or leſs different from the former in pro- 
portion to its quantity and direction, * 


Tf eaſe is ; expreſſed more e accurately by Mathemati- 
clans thus. If the proportion and direction of 2 forces acting 
upon a Body at the ſame time, be repreſented by the ſides of a 
Parallelogram, the Diagonal of that Parallelogram will repreſent 
the proportion and direction of their united forces. 


Dem. Let the Body A (Fig. 3.) be impell'd with a force, 
which would carry it to E, in the: ame: time that another, acting 


upon 


* es als A rome — 
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III. REACTION is always contrary, and equal 


to Action; or the actions of two Bodies upon 
|? each other are equal, and in contrary dire- 
Ciions. 5 


Tuus, ſuppoſe a Stone or other Load 


E to be drawn by an Horſe; the Load reacts 


upon the Horſe as much as the Horſe acts up- 


4 on the Load; for the harneſs, which is ſtretch'd 


equally between them both ways, draws the 
Horſe towards the Stone, as much as the Stone 
towards the Horſe, and the progreſſive motion 
of the Horle is as much retarded by the Load, 
as the motion of the Load is promoted by 
the endeavour of the Horſe*. This will 


upon it in the direction AD, would carry it to D. Imagine, 
that while the Body paſſes to E, the line AD (in which the Bo 
dy moves by the other force) moves to E, in a direction parallel 
to it ſelf ; when the Body has advanc'd to G in the line AE, the 
line AD will have got to GF, and the Body will have paſſed over 
ſuch a part of it GH, as bears the ſame proportion to the whole 
line GF, as AG does to AE, that is GH (the ſhorter ſide of 
the Parallelogram GM, is to GF, or, which is the ſame thing, 
to EB (the ſhorter fide of the Parallelogram E D,) as AG (the 
longer ſide of the former) is to AE (the longer fide of the lat- 
ter,) from whence the Parallelograms are ſimilar, EI. 6. Def. 1. 
and conſequently, by 24. EI. 6. the point H is in the Diagonal, 
that is, the Body will always be found in the line 4B. Q.E. D. 

Coroll. From hence we have an eaſy method of reſolving a given 
motion into any two, or more directions whatever; vx. by de- 
{cribing a Parallelogram about the given direction as a Diagonal, 
the two ſides of which will repreſent the directions ſought. Thus, 
ſuppoſe a Body was impell'd in the Line AB, we may con- 


ceive it as acted upon by two forces at the ſame time, one to- 


wards E, the other towards D, or any other two whatever, pro- 

vided the lines be drawn of ſuch length, that, when the Paral- 
jelogram is compleated, the given line 4B ſhall be its Diagonal. 

It may be thought perhaps that (two equal and _— 

| LOICES 


| Laws of Motion. Part J. 


be better explain'd from the following inſtance ; 
let a Perſon fitting in a Boat draw another 
equally heavy towards him, they. will both 
move towards each other with equal velocities 


let the Boat he ſits in be the lighteſt, and it ; 


will move the faſteſt ; becauſe the action be- 
ing equal on both i des, the ſame quantity of 
motion will be given to each Boat, that is, 
the leſſer will have the greater velocity X. 


We have a farther confirmation of this from 
Attraction. Suppoſe two Bodies attracting one 
another, but hinder'd from meeting by ſome 


other Body placed between them: if their ten- 


dencies towards each other are not equal, 
then the Body that is between them, will be 
preſſed on one ſide more than on the other, 
and conſequently the ſtronger preſſure over- 


coming the weaker, they cannot remain at 


reſt, but will all move on continually in that 


direction wherein the ſtronger force acts; which 


is both contrary to the firſt Law of Nature and 


Experience. This may be try'd with a Load- 
ſtone and Iron; which, being put into proper 


Veſſels contiguous to one another and made to 


forces deſtroying one another) the Horſe will in this caſe not 
be able to move at all, becauſe the Load draws him back, as much 


as he draws the Load forwards. But it is to be obſerv'd that the 
- ſtrength of the Horſe is not properly exerted upon the Load but 


upon the Gronnd ; conſequently- the Ground reacting and conti- 
nuing at reſt puſhes the Horſe forward with juſt ſo much force as 
the Horſe exerts, above what is counteracted by the Load. 


_ ® See the diſtinction between Motion and Velocity, Chap. 9. 


float 


float on water, will be an exact counterbalance 
to each other, and femain at reſt, whatever be 


the attractive power of the Loadſtone, or the 


proportion of their reſpective magnitudes. 
Tarst Laws receive an abundant- additio- 
nal proof from hence, is. that all the con- 
cluſions that are drawn from them, in rela- 
tion to the Phænomena of Bodies, how com- 
plicated ſoever their Motions be, are always 
found to agree perfectly with obſervation. The 


truth of which ſufficiently appears in all Parts 
of the! Newtonian ee *. | 


CHAP. V. 
4, he 1 of Falling Hi 


bp TH E Laws of N ature being thus explain- | 
ed, we proceed to account for thoſe 
Ye Shen which are ſolvable by them. 
II. To begin with thoſe of Falling Bodies. 
Conſtant experience ſhews, that Bodies have 
a tendency towards the Earth, which is call'd 
Gravity, the Laws of which were enumerated 
in Chap. 3. F. 7. 

III. Tux height, Bodies can be let fall from, 
bears ſo ſmall a proportion to their diſtance 
1 the Center of the Earth, that it cannot 


* See theſe Laws explain'd more at large by Clone in his 
Principles of Philoſophy. KeiPs Introd, ad Phyſ, Præl. 11, 12. 


: | ſen- 
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24 Falling Bodies Part J. 


ſenſibly alter their Gravity; width. therefore | 


may be conceiv'd, as acting conſtantly and | 
uniformly upon them, during the whole time 


of their fall: from whence they mult neceſſa- 
rily acquire at every inſtant, an equal degree 
of velocity, which on that account will con- 
ſtantly increaſe, in proportion to the time 
the Body takes up in falling. 


IV. THE ſpaces Bodies fall chrough in dif- : 


ferent. times, reckoning. from the beginning ' 


of their fall, are as the ſquares of thoſe times; 


thus, a Body will fall 4 times as far in 2 mi- 


nutes, as it does in one, and 9 times as far 
in 3, 16 times as far in, 4.06. * 


* In order to demonſtrate this Propoſition, it will be my f 


to lay down the following Theorem. vix: 

That the ſpace a Body paſſes over, with an uniform motion, 
is in a ratio compounded of the time and velocity. For the 
Jonger a Body continues to move uniformly, the more-fpace 
it moves over; and the faſter it moves during any inter- 
val of time, the farther it goes; therefore the ſpace is in a ratio 
compounded of both, that 1 is, is had by multiplying one into the 
other. 

Coroll. Therefore the area of a rectangle, one of -whoſe ſides 
zepreſents the celerity a Body moves with, and the other the 
time of its motion, will expreſs the ſpace it moves through. 

This being premiſed, let the line AB (Fig. 4) repreſent the 
time a Body takes up in falling, and let BC expreſs the celerity 
acquir'd by its fall ; farther, let the line AB be divided into an 
indefinite number of ſmall portions, ez, im, mp, &c. and let ef; 
2h, mn, pg, &c. be drawn parallel to the baſe. Now it is evident 
from F. 3. (viz. that the velocities are as the times in which they 
are acquir'd) that the lines ef, 74, mn, pg, &c. being to each other 
(4. EI. 6.) as the lines Ae, Ai, Am, Ap, &c will repreſent the 
celerities in the times repreſented by theſe : that is, ef will be as 
the velocity of the Body in the ſmall portion of time ei, and 7+ 
will be as the velocity in the portion of time in; in like manner 
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V. FROM this Propoſition it follows, that 


a Body falls; times as far, in the ſecond por- 


tion of time, as it does in the firſt; 5 times 
as far in the third; 7 times in the fourth, and 
ſo on in the ſeries of the odd Numbers : for 
otherwiſe, it could not fall 4 ſpaces in 2 mi- 


nutes, and 9 in 3, as the Propoſition aſſerts. 


VI. THE ſpaces deſcribd by Falling Bodies 
in different times are as the ſquares of the 
laſt acquir'd velocities. For by Y. 4. the ſpa- 
ces are as the ſquares of the times, and by &. 3. 


the velocitics are as the times; therefore the 
ſpaces are alſo as the ſquares of the velocities. 
VII. TnE ſpace a Body paſſes over from the 


beginning of its fall in any determinate time. 
is half what it would deſcribe in the ſame 


pq will be as the velocity in the portion of time po, which portions 
of time being taken infinitely ſmall, the velocity of the Body 
may be ſuppos'd the ſame, during any whole portion; and con- 
ſequently, by the Corollary of the foregoing Theorem, the ſpace 


run over in the time ez with the velocity F may be repreſented. 


by the rectangle i. in like manner the ſpace run over in the time 
im with the celerity 74, may be expreſs'd by the rectangle ; and, 
that run over with the celerity un in the time p, by the rectangle 
pn; and ſo of the reſt. Thereforethe ſpace run over in all thoſe times 
will be repreſented by the ſum of all the reQangles, that is, by the 


triangle ABC, for thoſe little triangular deficiencies, at the end of 


each rectangle, would have vaniſhed, had the lines ei, im, mp, &c. 
been infinitely ſhort, as the times they were ſuppoſed to re- 
preſent. Now as the ſpace, the Body deſcribes in the time 4B, 


is repreſented by the triangle 4B C, for the ſame reaſon the 


ſpace paſs'd over in the time Jo may be repreſented by the tri- 
angle Aor, but theſe triangles being ſimilar are to each other, 
as the ſquares of their homologous ſides AB and Ao (20. EL 6.) - 
that is, the ſpaces repreſented by the triangles are to each other, 
as the ſquares of the times repreſented by the ſides. Q. E. D. 
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26 Bodies deſcending Part I 
time moving uniformly with its laſt acquir d 
velocity *. | 

VIII. IN like manner, es: Bodies are 
thrown up perpendicularly, their velocities de- 
creaſe, as the times they aſcend in increaſe z 
their gravity deſtroying an equal portion of 
their velocity every inſtant of their aſcent. 

IX. THE heights Bodies riſe to, when thrown | 
perpendicularly upwards, are as the ſquares of 
the times ſpent from their firſt ſetting out, to 
the moment they ceaſe to riſe. That is, if a 
Body is thrown with ſuch a degree of veloci- 
ty, as to continue riſing twice as long as ano- 
ther, it ſhall aſcend 4 times as high; if thrice, g 
9 times as high, Cc. | 

THESE two are the converſe of the 34 and ] 
4th —_ 
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1:8 07 the de ſcent of Reid 2 oblique l 
0 Planes, and of Pendulums. 


H EN a Body deſcends on an oblique 
Plane, its motion is contiually acce- 


| * For let the time be AB, and the laſt velocity BC, the ſpace 
') the Body runs over, while it is acquiring that velocity, is ABC, 
| but the ſpace it would paſs over in the time AB, was it to move 
unitormly with the celerity BC, is, by the Theorem, (Note p. 
24.) the ſpace AB CD, double the former. ©. E. D. | 
+ See Kiils Introd. ad Phyl. Prel, 11, — 1 
Ch. 17. | 
lerated | 


Chap. 6. on oblique Planes. 27 
lerated by the action of gravity, but in a leſs 
degree, than when it deſcends perpendicularly; 
its free deſcent in this caſe being hinder'd by 
the interpoſition of the Plane: from whence it 
3 follows, that what was ſaid in the laſt Chap- 

ter, concerning the perpendicular deſcent of 
Bodies, is true of ſuch as fall on oblique 


Planes, allowance being made for the diffe- 
rence of acceleration. 


I effect of Gravity upon a Body fal- 
ling down an oblique Plane, is as much leſs 
than the ſame acting on another falling freely; ; 
as the perpendicular height of the plane i is leſs 


| than its length *. 


| III. A Body falls through as much longer 
ſpace perpendicularly, than it docs obliquely 

in the ſame time, as the oblique ſide of the 
1 Plane is longer than the perpendicular height f. 


W owe 2 
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WD Let Ac (Fig. 5.) be the inclin'd Plane, the Body at. 
A, and the action of gravity, whereby it endeavours to fall per- 
pendicularly, repreſented by the line 4B; let AD be perpen- 
dicular to AC, AD will then repreſent the direction by which 

the Plane acts upon the Body (for all Bodies act in lines perpendi- 
cular to their ſurfaces,) let then thoſe two forces be reſolved into 
one in the direction 4 C, (as ſhewn in Note to F. 4. Chap. 4) by 

compleating the Parallelogram B D whoſe Diagonal will be 4G. 
In order to this BG muſt be let fall perpendicularly upon 4C 
(that it may be parallel to the oppoſite ſide of the Parallelogram 
4D) conſequently (8. Elem. 6) 4Gis to AB as AB to AC, 
that is, the tendency of the Body down the plane is to its per- 
pendicular tendency, as AB 1s to AC. 2 F-M 
+ That is, ſuppoſing BG (Fig. 5.) perpendicular to AC, the 
| Body would fall to G in the ſame time it would fall to B, for, as 
was obſerv'd Note the laſt, A B is as much longer than 4G as 
AC1s longer than 4 B. | 
D 2 Dem, 
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i | | Bodies deſcending Part I. 


IV. ThE velocity a Body acquires by falling 
perpendicularly, as much exceeds that which 
it acquires by falling obliquely in the ſame 
time, as the ſpace of its perpendicular deſcent 
in that time cxceeds that of its oblique one X. 

V. A Body takes up as much more time 
in falling down the oblique ſide of a Plane, 
than it does the perpendicular height of it, as 
the oblique ſide exceeds the height f. 


Dem. It is evident that in all motions equally accelerated, the 


ſum of the velocities produced in any time (that is the ſpaces 


run over in that time) are as the generating forces, that is, the 
ſpace paſs'd over by the Body on the oblique ſide AC, is to the 
perpendicular ſ-ace a Body would paſs over in the {ame time 
as the action of gravity on the Body in the direction AC, to its 
perpendicular action in the direction AB : but theſe actions are 
to cach other, (by F. the laſt,) as the oblique fide to the perpen- 
dicular height, the ſpaces therefore paſs'd over will be in the {ſame 
proportion. 2. E. D. 


* Since by F. the lat, a Body falls to G, (Fig. 5.) in the ſame 


time another falls to B, and by (Chap. 5. F. 7.) the ſpace a fal- 


ling Body paſſes over in any time, is half that which it would 
run over in the {ame time moving uniformly with its laſt ac- 
quir'd velocity, it follows that the Body falling down the oblique 
plane would paſs over double the ſpace AG, moving uniformly 
with its laſt acquir'd velocity, in a portion of time equal to that 


in which it was acquird ; likewiſe double the ſpace 4B would 
be paſs'd over by the other Body, moving uniformly with 1ts 


laſt acquir'd velocity, in a portion of time equal to that in which 
it was acquir'd; but ſince the velocities of Bodies moving uni- 
formly are as the ſpaces they run over in equal times, the veloci- 
ties of the Bodies in G and B are to each other as double the lines 
AG and AB, that is as the lines themſelves, which by F. 3+ 
are as the ſpaces run through in the ſame time, from whence the 
Propoſition is clear. | | | 

T Dem. The ſquare of the time in which AC (Fig. 5.) is run 
over, is to the ſquare of the time in which 4G is run over, as AC 
to AG, (by Chap. 5. F. 4.) that is, fince AC, AB, AG are cone 
manually proportional 8. Elam, 6.) as the ſquare of AC to the 


_ ſquare 


Chap. 6. on oblique Planes. 29 


VI. A Body acquires the ſame velocity in 


falling down the oblique ſide of a Plane, as 


if it fell freely through the perpendicular height 
of it | 

VII. A Body takes up the ſame time in 
falling through the Chord of a Circle, whe- 


ther it be long or ſhort, as it does in falling 


perpendicularly through the diameter of the 


ſame Circle f. | 


VIII. Ueon this is founded the Theory of 
Pendulums: for from hence it follows, that 
ſuppoling a Pendulum could be made to vibrate 
in a Chord of a Circle, inſtead of an arch, all 


its vibrations would require the ſame time, 


whether they were large or ſmall. 


| ſquare of 4B (by Def. 10. Elem. 5.) therefore the times them- 
' ſelves are as the lines AC and AB, that is, as the oblique fide of 


the Plane to the perpendicular height. Q E. D. 

* Dem. The ſquare of the velocity a Body acquires by falling 
to G, is to the ſquare of the velocity it acquires by falling to C, 
as the ſpace AG to the ſpace 4 C (by Chap 5.4 4) that is (by 
8. Elem. 6. and Def 10. Elem. 5.) as A4 to ABg. But ſince 
AG is run over in the ſame time A is, (ſee Note to\. 3) the 


velocity in & is to the velocity in B, as AG to AB, (by F. 4) 


and conſequently fince the velocities both in C and B bear the 
fame proportion to that in &, they muſt be equal to each other. 

+ Dem, It was demonſtrated . (F. 3.) that a Body will 
fall from 4 to G, (Fig. 6.) on the inclin'd Plane AC, in 
the ſame time another would fall freely to B, provided AGB 1s 


a right angle, in which caſe 46 (by 31. Elem. 3.) is a Chord 
of that Circle of which 4B is the Diameter; therefore a Body 


falls through the Chord &c. 9. E. D. | 

+ This may be illuſtrated by conceiving the laſt figure inverted 
(as in Fig. 7.), where ſuppoſing the Ball ſuſpended in ſuch a man- 
net, as to ſwing in the right line GA inſtead of the Arch G4, 
it would always fall through it in the ſame time however _ or 
od 1 i dT Sores : . e Orꝭ 
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IX. From hence we ſee the reaſon, why 
the ſhorter arches a Pendulum deſcribes, the 
nearer its vibrations come to an equality, for 
ſmall arches differ leſs from their Chords than 
large ones. But if the Pendulum is made to 
vibrate in a Curve, which Mathematicians call 
a Cycloia; each ſwing will then be perform'd 
in the ſame time, whether the Pendulum moves 
through a larger or lefler ſpace. For the na- 
ture of this Curve is ſuch, that the tendency 
of a Pendulum towards the loweſt point of it, 
is always in proportion to its diſtance from 
thence 3 and conſequently let that diſtance be 
more or leſs, it will always be run over by 
the Pendulum in the ſame time X. 25 


Mort it was, for the inclination of the line G4 to the horizontal 
Une BC, is not alter d by inverting the figure. 


*The Deſcription of a Cycloid. 


Upon the right line AB, ( Fig. 8.) let the Circle HD E be fa 
plac'd, as to touch the line in the point H, then let this Circle 
roll along upon it from H to C, as a wheel upon the ground, 
Then will the point H in one revolution of the Circle deſcribe the 
Curve HKC, which is call'd a Cycloid. Now ſuppoſe two 
Plates of Metal bent into the form HK and KC, and placed in 
the ſituation LH and LC, in ſuch manner, that the points H 
and C may be apply'd to E, and the points anſwering to K be ap- 
ply'dto H and C. This done, if a Pendulum as LP, in length 
equal to LH, be made to 
of the Cycloid LC and LH, jt will ſwing in the line C KH; and 
the time of each vibration, whether the Pendulum ſwings through 

a ſmall ora great part of the Cycloid, will be to the time a Body 
ag up in falling perpendiculaxly through a ſpace equal to IX,. 
fhalf the length of the Pendulum ;) as the Circumference of a Cir- 
cle to its Diameter, and conſequently it will always be the ſame. 

They that would ſee a Demonſtration of this and ſeveral other 
things relating to this Curve, may conſult Huygens Horol. Ofert- 
latorium or Cotes's Harmonia Menſurarums x 

| <P? 


ibrate between the Plates or Cheeks 


Chap. 6. J 


X. Tus time of the deſcent and aſcent of 
a Pendulum, ſuppoſing it to vibrate in the 
Chord of a Circle, is equal to the time in 
which a Body falling freely would deſcend 
through eight times the length of the Pen- 
dulum. 

For the time "off the deſcent alone upon 
the Chord is equal to that in which a Body 
would fall through the Diameter of the Cir- 
cle (by F. 7.); that is, twice the length of the 
Pendulum: but in twice that time (viz. du- 
ring a whole vibration) the Body would fall 
four times as far (Chap. 5. F. 4.), that is, 
through eight times the length of the Pen- 
dulum. 

Xl. Tas cies. that Panda of diffe- 
rent lengths perform their vibrations in, are 
as the. ſquare roots of their lengths *. 

XII. Tak Center of oſcillation is a point 
in which, if the whole gravity of a Pendulum 
was collected, the time of its vibration, would 
not be alter'd thereby f; this is the point from 


* Dem. Let there be two Pendulums A and B ( Fig. 9. and 

o.) of different lengths, the time the firſt vibrates in (ſuppoſe 
4 a Chord) is equal, to the time in which a Body 
would fall freely through DA, the Diameter of the Circle (as 
demonſtrated $. 7.); in like manner the time B vibrates in, is 
| that in which a "4 would fall through FB. Now the times 
in which Bodies fal through difterent ſpaces are as the ſquare 


roots of thoſe ſpaces, that is, of DA and FB, or of their halves 


CA and CB, i. e. of the lengths of the Pendulums. 9. E. D 
4 The Rule for finding the Center of Oſcillation. 


If the Globe 4B (Fig. 11.) be hung by the ſtring CD, whoſe 
weight is inconſiderable, the Center of Oſcillation is found thus: 


. ſup- 


um . «. 


n 
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whence the length of a Pendulum is mea- 


ſur d, which in our Latitude, in a Pendu- 
lum that ſwings ſeconds, is 39. 2. inches. 

XIII. Tung ſquares of the times in which 
Pendulums, acted upon by different degrees 
of gravity, perform their vibrations in, are to 
each other, as the gravities Xx. ww. 


ſuppoſe E the Ce nter of the Globe, take the line G of ſuch a 
length, that it ſhall bear the ſame proportion to ED as ED to 
EC, then EH being made equal to ; of G, the point H ſhall 
be the Center of Oſcillation | I | 

If the weight of the Rod CD be too conſiderable to be neg- 
lefted divide CD (Fig. 12.) in J, ſo that DI may be equal to 3 
of CD, and make a line as K, in the ſame proportion to CJ, that 
the weight of the Rod bears to that of the Globe, then having 
found H the Center of Oſcillation of the Globe, as before, divide 
IH in L, ſo that JL may bear the fame proportion to LH, as 


the line CH bears to the line K; then will L be the center of 


Oſcillation of the whole Pendulum. See Huygens Horol. Oſcillat. 
pag. 141, 142. | | 

* Dem. The ſpaces falling Bodies deſcend through, are as 
the ſquares of the times, when the gravity by which they are 
impell'd is given (Chap. 5. F. 4); and as the gravity when 
the time is given (for the ſum of the velocities produced in any 
time will always be as the generating forces): conſequently 
when neither is given, they are in a ratio compounded of both; 
the ſquares of the times are therefore inverſly as the gravities. 


| o * 0,» f . 4 bd | 5 - 
[For if in 3 quantities a, b, c; a is as be, then b: =» Le, if a is 


I C : 
given, as FC or as c znverſly.) But if the ſquares of the times in 


which Bodies fall through given ſpaces are inverſly as the gra- 


vities by which they are acted upon; then the ſquares of the 


times in which Pendulums of equal lengths, perform their vibra- © 


tions, will be alſo in the ſame ratio, on account of the conſtant equa- 
lity between the time of the vibration of a Pendulum, and of the 


deſcent of a Body through eight times its length (F. 12.) 
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FROM whence it follows, that a Pendulum 
Will vibrate lower when nearer the Equator, 
than the ſame when nearer the Poles; for 
the gravity of all Bodies is leſs, the nearer they 
are to the Equator; vig. on account of the 
ſpheroidical Figure of the Earth, and its ro— 
tation about its Axis, as will be explain'd 


Chap. 7. Projectiles. = 33 


hereafter. To which we may add the increaſe 


of the length of the Pendulum occaſion'd 
by the heat in thoſe parts; (for we find by ex- 
periment that Bodies are inlarged in every di- 
menſion, in proportion to the degree of heat 
that is given them :) for which reaſon (Chap. 


6. F. II.) the vibrations of the Pendulum 


will alſo be flower. 
CHAP. VIE 
Of Projectiles. 


* BODY projected in a direction pa- 
rallel or oblique to the Horizon would 
proceed on in infinitum in a right line, (by 
the firſt Law of Nature) but being continually 
accelerated towards the Earth by its Gravity, 
it will deſcribe a Curve called a Parabola X. 


* Dem. Let us ſuppoſe the Body thrown from 4, in the direction 
AB horizontally (Fig. 13.) or obliquely (Fig. 14.) it would 
(if not attracted towards the Earth) in equal times deſcribe equal 
parts of the line AB, as AC, CD, DE, &c. but if in the frit por- 
tion of time, while it moves from 4 to C, it deſcends by its Gravi 
ty as far as G, by a compoſition of m—_ two Motions (Chap. 4. L. = 
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II. Tur greateſt diſtance, to Iich a Body 
can be thrown with a given velocity, is at the 
elevation of 45 degrees . 


it will be found in H, and while it moves from A to D twice as 
far, it will move downwards to M. 4 times as far as before (Chap. 
5-5. 4) and will therefore be found in 7 ſuppoſing D 7 4 times 
4 long as CH. Again, while it moves to E three times as far 
from A as C is, it will have moved downwards 9 times as far as 
it did in the firſt portion of time, and therefore will be found 
in K, provided E be ꝗ times as large as C H &c. that is the lines 
CH, DI, EX, &c. will be to each other as the ſquares of the lines 
AC, AD, AE, &c. which is the property of the parabolic Curve, 
(De L' Hoſpital B. I. Prop. 1. Cor. 2, and Prop. 3. Cor. 1.) and 
conſequently the line AH TK, &c. which the Body moves in, 
whether thrown horizontally or obliquely, is a Parabola. 2. E. D. 
elt is demonſtrated by t = Writers on Conic Sections, that 
the Quotient which ariſes from the diviſion of 45 ſquare of the 


line GH by the line AG wiz. the quantity 7 (in either of 


| AG 
the parabolic curves, ( iT 13. or 14. J, or of the ſquare of MI 


| by the line AM viz. or of the ſquare of NX by AN VIZ. 


A 7 
NR : 
* &c. provided thoſe lines are all parallel to 4 B whick 


touches the curve in the point A, is always the ſame : which 
Quotient is call'd the Parameter of the point A. 

Now the velocity, with which the Body is projected from A, 
being (ex hypoto. ) ſuch as would carry it to C, in the time it 
would fall by its own gravity to G; and to E in the time it 
would fall to N; and fince it would move over twice the ſpace 
AN in that time, had it moved unitormly with the velocity 
acquir'd at N; it follows, that the velocity it moves with from 
A to E, is to that which a Body acquires by falling to N, as 


AE to twice AN (Chap. 5. F. 7.) or as 4 AF to AN. But the 


velocity a Body would acquire by falling through a fourth part 
1 


4 MK. 
of the Parameter of the point A viz. = 7 7 i is to the velocity 


it would acquire by falling to M, as AE to 2AM: (ſee this de- 
monſtrated in Note ) therefore the velocity a Body ought to 
be projected with from 4 to make it deſcribe the given Parabola 


MATE 
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AHK, is equal to the velocity it. would acquire by falling 
through a fourth part of the Parameter belonging to that point 
of the Parabola from whence it is projected. 
\+ The ſquare of the velocity acquir'd by a Body in deſcend- 


Kg; 


TN 15 to the 


tog through a fourth part of the Parameter, or ——= 


1 of that which is acquird by falling through the line A N; as 


PRES to AN, {Chap. 5. §. 6.) that! is, multiplying both terms by 
2 45 as 2 * K to ANq, and by extraction of their ſquare roots, 


4 INK to AN. Q. E. D. 5 
Corol. This affords us an eaſy method of finding what dire- 
Aion it is neceſſary to throw a Ball in with a given velocity, in 
order to ſtrike an object in a given ſituation. v. g. Let it be re- 
quir'd to ſtrike an object as K with a ball thrown from A with a 


given velocity. Here it is only neceſfary to make the triangle 


NX. 
4 NX (> ppoſe a right line drawn from A to K) ſuch, that IN. 
Eg 


A | 
or which is the "IM thing Fr in the triangle AEK, may be 


equal to four times tlie ſpace a Body muſt fall through, to acquire 
ſuch a degree of velocity as that with which it is intended to be 
thrown, and then AE will be the direction ſought. In order to 
' this we muſt lay down the following Lemma. 

Let there be a Circle as ABC (Fig. 15.) AK a Tangent in 


the point 4, AB A to the Horizon and parallel to 


KE or KI. I ſay 72 = AB, For the angle AB E is equal to the 


angle EAK (32. Elen. 3. , and the angle BAE is equal to the angle 
AE Kas alternate, therefore the triangles I B E and AE K are ſimi- 
lar; conſequently 4B is to AE, as AE to E K, and multiplying the 
extreme terms together, and middle terms together, AB x EK = AEg 


AEN 
and dividingboth ſides of the equation by EK, 4 B= F Fx: QE. D. 


Alg 
By the ſame method of arguing TX may be proved equal to 
AB. 


The PROBLEM. 


Leti it be requir'd to ſtrike an object as K ( Fig. 16, ) hd - Ball | 


muy jected from A with a given velocity. 
5 E 2 | 8olutiane 
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III. If 2 Balls are thrown at different ele- 
vations (but with equal degrees of velocity), 
the one as much above 45 degrees as the other 


below, the horizontal diſtances (or Randoms) 
where they both fall will be the fame *, 


Solution. Eret AB perpendicular to the Horizon, and equal 
to four times the height a Body muſt fall from, to acquire the ve- 
locity with which the Ball is to be thrown 3 biſect this in the 
point G, through which draw HC perpendicular to AB, and 
meeting the line AC (perpendicular to AK) in C. On Casa 
Center with the Radius CA, deſcribe the Circle ABD ; laſtly 
through K draw the line KE perpendicular to the Horizon, 
cutting the Circle in the points E and 7; I fay AE or AI will 
Le the direction ſought, „ | 
1 3 42 Aly L 

For by the Lemma 4B = EE N ut ( ex conſtru- 
Fione) AB is equal to four times the height a Body muſt fall 
from, to acquire the velocity with which it is to be thrown, 

„. hich by th 

therefore its equal Fr er TF is the ſame, which by the Co- 


rollary was the thing requir'd to determine the direction ſought 
conſequentiy the Parabola, which the Body will deſcribe, will 
paſs through the point X. Q. E. D. - Eo 
Coroll. 1. From hence it is evident, that if the object to be 
ſtruck, be placed any where in the horizontal line 4O (Fig. 17.) 
beyond Q, the Problem is impoſſible; for then 2 H will not 
touch the Circle, and the Ball will not reach that point with an 
direction whatever. And that when the Ball is directed ano 4 
H, it will fall on 2 the greateſt diſtance it can poſſibly be thrown 
to; but the angle 2 AH being equal to AB H in the oppoſite 
ſegment (32. Elem. 3.) is equal to half AGH at the Center 
(20. Elem. 3.) which is a right one; conſequently QA Il is an 
angle of 45 degrees. | 1 85 5 : 
* Coroll. 2, If the object is ſituated in the horizontal line 40 
( Fig. 18.) but nearer to A, than the greateſt horizontal diſtance 
at which it may be ſtruck, ſuppoſe in K; the two directions 
AE and AT with which it may be hit, are equally diſtant from 
the direction AA; for the angles IAH and HA E are equal, ay 
inſiſting on equal arches 7H and HE (28. Elem. 33 


2 


3 
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IV. The height a Body will riſe to, when 
thrown perpendicularly upwards, is equal to 
half the greateſt horizontal diſtance it can be 
thrown to with the ſame velocity *. f 

FROM hence we may calily know how far 
a Mortar-Piece, or other ſuch Machine, will 
carry a Ball. Let the Ball be thrown perpen- 
dicularly upwards, note the time of its aſcent 


and deicent, half that is the time of deſcent, 


from whence we learn the height, to which 


the Ball is thrown, for Bodies are obſerv'd to 


fall in the firſt ſecond of time 16 feet, conſe- 


quently in 2 ſeconds they fall 4 times 16 feet 
(Chap. 5. F. 4.) in 3, 9 times as much gc, 


but (§ 4.) the perpendicular height being dou- 


bled will give. the greateſt horizontal diſtance 


to which chat Machine will carry the Ball with 
an equal Charge. 


V. Tut Randoms of two projectiles, hav- 


ing the ſame degrees of elevation, but thrown 
with different velocities, are as the ſquares of 
the yelocities : for by the laſt, the Randoms 
are as the heights to which the Bodies thrown 
perpendicularly upwards will aſcend, but the 


* Coroll. 3. The altitude of a errands projection is 
equal to a fourth part of the height 4B 3 for the velocity with 
Which the Body is projected, is (ex hypoth.) ſuch as it would 
acquire by falling through a fourth part of the line AB; but a 


fourth part of the line AB is equal to half the line GH, or 42 


( Fig. 17. ) that is half the greateſt horizontal diſtance to which 
the Body can be thrown. 


See Cotes's e W pe 87. Heils Introduct. ad 
Payr Præl. 15. 
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38 Prajectiles. Part I. 
heights are (Chap. 5. 98. 6.) as the {quares of 
the velocitics. - 


VI. SuerosING the motion of the Earth, all 


Bodies, when thrown perpendicularly upwards, 
deſcribe Parabola s; notwithſtanding they ap- 
pear both to aſcend and deſcend in the ſame 


right line. 


Tris may very eaſily he illuſtrated in the 


following manner; let there be a Body car- 


ryed uniformly along the line AB (Fig. 19.) 


by the motion of the Earth from A towards 
B; as it paſſes the point C let it be projected 


upwards by ſome force acting underncath it 


in the direction CO perpendicular to the for- 


mer; the Body will not thereby loſe its mo- 


tion which it had in common with the Earth 
towards B (by 'the firſt Law of Nature), but 
will be carryed by two motions, one towards 


B the other towards O; let us then ſuppoſe, 
that in the time it would have advanced for- 


wards to P in the line AB, it riſes upwards 


to M in the line CO; it will then be found 


in D (Chap. 4. F. 2): in like manner ſup- 
poſing it would have advanced forward to 


while it riſes to N, it would then be found 


in E, afterwards in P, then in G Cc: de- 
ſcribing the Curve CG L which (from what 
Was demonſtrated under §. 1.) is a Parabola &. 


Dem. Su ppoſe the motion the Body 3240 in common with 


the Earth — B Fig. 20.) and that with which it is pro- 
28 towards O, ſuch, as being eee (Ch. 4. F. 2.) would 


have 
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Chap. 7. Projebiiles. 39 
THE reaſon why it appears to a SpeQator 


to riſe and fall perpendicularly, is becauſe he 
is carryed uniformly along with it by the mo- 


t. ot che Earth in its firſt direction. v. g. 


S e the Spectator at C at the inſtant the 
B....y is thrown from thence, when it arrives 
at D, he will be moved to P, when the Body 
is at E he will beat Q &c. as is evident from 


what was obſerved about the motion of the 
Body in the Curve; and they will both meet 


in L. Therefore ſince the Spectator imagines 
himſelf ſtanding ſtill, and ſees the Body al- 
ways perpendicularly over his head, he muſt of 
courſe think that it riſes right up and falls right 
down. 

Ir may be proper to obſerve here, that 
Experiments relating to the motion of project- 
ed Bodies, do not exactly anſwer the Theory; 
the reſiſtance of the Air deſtroying part of their 
motion: for which a ſmall allowance is to be 
made. 85 


have produced a motion in the direction C; it will follow 
from thence, that the path deſcribed by it will be the ſame, as 
if it had been thrown in that direction from a point as C at reſt ; 
but in that caſe it would have deſcrib'd a Parabola as CG L (F. 1.) 
therefore in this. Q. E. D. a 
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CHAP. vu. 


Of eee and Centrifugal Forces. 


HE N a Body is projected in an hori- 
Zontal direction and by its Gravity 
made to deſcribe a Parabola as demonſtrated 
Chapter the laſt; the curvature of that Para- 
bola will vary in proportion to the velocity 
with which the Body is thrown, and the Gra- 
vity which impels it towards the Earth. For 
the leſs its Gravity is in proportion to the 
quantity of matter it contains, or the greater 
the velocity is with which it is projected; the 
leſs will ir deviate from a ſtrait line, and the 
further it will go, before it falls to the Earth. 
For inſtance, if a Bullet be ſhot out of a Can- 
non. from the top of a Mountain with a gi- 
ven velocity in an horizontal direction, and 
goes in a curve line, ſuppoſe to the diſtance 
of two Miles from the foot of the Mountain 
before it falls to the ground; the ſame Bullet 
ſhot with a much greater velocity would fly toa 
much greater diſtance before its fall, And by 
encreaſing the velocity, the diſtance to which 
it is projected, may be encreaſed as much as 
you pleaſe; ſo that it will not fall to the 
ground, till it is arrived at the diſtance of ten, 


or thirty, or ninety degrees; or till it has even 


ſur- 
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Chap. 8. Central Forces. 


. 
ſurrounded the whole Earth, and arrives at the 


very top of the Mountain from whence it 
was projected: in this caſe it will per- 


form a ſecond revolution, and ſo on in infi- 


nmitum without a new projection, provided 
the reſiſtance of the Air is taken away. Nay 
it may be projected with ſuch violence, that 


it will continually recede from the Earth, 
moving in a Curve, till at length it gets out 
| of the Sphere of the Earth's Attraction; after 
which it will go on in a ſtraight line with- 
out ever returning, Which may thus be illu- 


ſtrated. 


LET ABC (Fig. 21.) repreſent the Earth, 


M the point from whence the Body is pro- 
jected in the direction MQ: it may be thrown 
with ſuch force as to carry it to B before it 
falls, or to C, or even to go round to M, 
deſcribing the Circle MD M; or laſtly it may 
till it 


be made to deſcribe the Curve MO, 


gets out of the Sphere of the Earth's Attra- 
ction, ſuppoſe at O, going on afterwards in 
the infinite ſtrait line O X, there being nothing 
to ſtop or alter its courſe. Farther, it may be 
projected with ſuch a force from M (Fig. 22.) 
as will cauſe it continually to recede from the 
Earth, till it arrives at the oppoſite point G, 
deſcribing the curve MKG; and if the point 
G is within the Sphere of the Earth's Attra- 
ion, the Body will return to M, deſcribing 


the Curve GLM exactly ſimilar to MKG; 


F 


and 
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42 Central Forces. Part I. 
and in moving nearer and nearer to the Earth 
till it comes to M. will regain what velocity 


it loſt in going from M to 'G, its Gravity con- 


ſpiring With its motion from G to M in the 
ſame degree in which it oppoſed it from M 
to G; conſequently the Body when at M 
having recovered the velocity with which it 
ſet out, will be inabled to perform a ſecond 
revolution in the ſame Curve as before, and 
ſo on. | 

AGAIN, ſuppoſe it had been projected from 
the point M with a leſs degree of force than 
would have carryed it round in the Circle 
MDM (Fig. 21.), but greater than would have 
ſuffered it to oy fallen to the Earth at the 


oppoſite point F (Fig. 22.) 3 it would alſo in 
this caſe have 3 at the point M from 


whence it ſet out; for the exceſs of velocity 
it would have gained in F, by its tendency to- 
wards the Earth in its way thither, over and 
above that with which it was projected from 
M, would be ſufficient to carry it off again 


from the Earth, till it arrived at M; and to 


make it deſcribe the path FP M exactly ſimi- 
lar and cqual to the former, loſing in its way 
from F to M juſt ſo much velocity, as it gain- 
cd by paſſing from M to FE; and thereby it 
would be inabled to perform an infinite num- 


ber of revolutions in the ſame Curve Without 


requiring a lecond ain 


FROM 


IF 
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Chap. 8. Central Forces. 43 


FROM hence it follows, that ſuppoſing a 


Body projected from a point at any diſtance with- 


in the Sphere of the Earth's Attraction, with a 
force ſufficient to carry it half round without 
falling to the ſurface, it is impoſſible it ſhould 
fall upon any part of the other half; but will 
return to the point from whence it ſet out, 


making continual ſucceſſive revolutions in the 


ſame Curve; provided it meets with no re— 
ſiſtance from the Medium through Which it 
* | S 8 
paſſes, nor any other obſtacle to obſtruct its 
motion x. „„ | 
FROM hence alſo it is clear, that, the near- 


er the revolving Body approaches to the Earth, 


the faſter it moves; its velocity being conti- 
nually increaſed during the time of its acceſs 


towards the Earth, and as much retarded du— 


ring its receſs from it. And this acceleration 


and retardation will always be ſuch, that the 


Body will deſcribe equal Areas in equal times: 
the meaning of which is, that if we imagine 
a line conſtantly extended from the Center of 


the Earth to the Center of the Body, that line 


Will always deſcribe or paſs through equal ſur- 
faces or ſpaces in equal times, for it conſtantly 


Gravity is here ſuppoſed to be inverſely as the ſquares of 
the diſtances from the Earth, for 'tis poſſible that the force by 
which a Body tends towards another, may vary in ſuch a manner 
at different diſtances, that the projected Body ſhall deſcribe a 
Spiral line, continually approaching to or receding from that about 
Which it revolves. | 
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44 Central Forces. Part. I. 
becomes ſhorter the faſter it moves, and vice 
wersa x. VV! > ey 

ANp for the ſame reaſon that a Body pro- 
jected with a ſufficient velocity may by the 
force of Gravity be made to deſcribe a Curve 
round the Earth, and perform continual ſuc- 
ceſlive revolutions in the ſame; it follows that 
the Moon, may by the ſame force of Gravity 


be made to revolve about the Earth, or any 


* Dem. Let the time in which the Body performs one revo- 
lution be divided into equal parts, in the firſt of which let the 


Body deſcribe the right line AB (Fig. 23.) : in the ſecond part 


of time, if not prevented, it wouldfgo ſtraight on to c, deſcribing 


the line Be equal to AB by the firſt Law of Nature; the lines 


SA, S B, Sc being drawn, the triangles S BA, ScB will be equal 
to each other, their baſes 4B and Be being equal and their 
heights $ the ſame (38. Elem. 1). When the Body arrives at 
B, let the Centripetal force by one ſingle impulſe turn it out of 


the {ſtraight line Bc into the line BC : in which let it move on 


uniform!y without receiving a ſecond impulſe till it comes to C. 
Let Cc be drawn parallel to SB meeting BC in C; then at the 


end of the ſecond part of time the Body will be found in C, 
having deſcribed the Diagonal of the Parallelogram Nc (Chap. 4. 


F. 2.). Draw SC, and the triangle SCB will be equal to the 
triangle Sc, (each having the ſame baſe SB and being between 
the ſame parallels Cc and SB) and therefore alſo equal to the 
triangle SBA. For the ſame reaſon, if the Centripetal force acts 
In the points C, D, E ſucceſſively, ſo as to make the Body de- 
ſcribe the ſtraight lines CD, DE, EF, &c. in ſo many equal 
parts of time, the triangles S CD, SDE, S E, &c. will be all 


equal to one another and to the triangle 84 B. Conſequently e- 
qual Areas are deſcribed in equal times. Let us then ſuppoſe the 


baſes of thoſe triangles, wiz. AB, BC, CD, DE, &c. diminiſh- 
ed in infinitum, and likewiſe the times in which they are de- 
ſcribed ; then will the Perimeter 4, B, C, D, E, F, &c. become 
a Curve, and any number of thoſe triangles taken together, (or 
their Areas) will be proportionable to the times in which they 
are deſcribed, J ĩ 7 1 


5 other 


Chap. 9. Communication of Motion. 4 
ather Planet by the like force about the Sun, 
if the velocities with which they move are 
duly adjuſted to the forces by which they are 
acted upon. 

When a Body revolves about anon in 
this manner, that force or power by which it 
is prevented from flying off (as it otherwiſe 
would do in a Tangent to the Curve which 
it deſcribes) is call'd the Centripetal; the coun- 
ter- action of this, by which it endeavours to 
fly off, the Centrifugal; theſe, by the 3d Law 
of Nature being equal to each other, are cal- 
led by one common name Central Forces; that 
with which the Body is at firſt projected. or 
continues its motion from any point, is the 
Projectile force; and the time in which it per- 
forms one revolution, the Periodical time. | 

THesEt forces properly relating to the mo- 
tions of the Heavenly Bodies will be more large- 
ly treated of in another place. 


CHAP. IX. 
Of the Communication of Motion. 


| I. DEFORE we proceed to explain the 
| Laws, by which Bodies communicate 
their motion from one to another, it is very 
neceſſary to make a diſtinction between Mo- 
tion and Velocity; which ought to be well 
oblcrv'd and is as follows. 
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16 Communication of Motion. Part I. 


By the Motion of a Body (ſometimes called 
its quantity of motion, ſometimes its Momen- 
tum) is not to be underſtood the veloci- 
ty only, with which the Body moves; 
but the ſum of the motion of all its parts ta- 
ken together: conſequently the more matter 
any Body contains, the greater will be its mo- 
tion, though its velocity remains the ſame. 
Thus, ſuppoſing two Bodies, one containing 
ten times the quantity of matter the other 
does, moving with equal velocity; the great- 
er Body is ſaid to have ten times the motion 
or Momentum that the other has: for tis 
evident that a tenth part of the larger has as 
much as the other whole Body. In ſhort that 
quality in moving Bodies which Philoſophers 
underſtand by the term Momentum or mo- 
tion, is no other than what is vulgarly call'd 
their Force, which every one knows to depend 
on their quantity of matter as well as their 
velocity. This is that power a moving Body 
has to affect another in all actions that ariſe 
from its motion, and is therefore a fundamental 
Principle in Mechanics. Sec it farther explained 
in the next Chapter. 

II. Now ſince this Momentum or Force 
depends equally on the quantity of matter a 
Body contains, and on the velocity with which 
it moves; the method to determine how great 
it is, is to multiply one by the other. Thus 
ſuppoſe two Bodies, the firſt having twice the 

. 1 quan- 


Chap. 9g. Communication of Motion. 45 
quantity of matter and thrice the velocity 
which the other has; any two numbers that 
are to each other as two to one, will expreſs 
their quantities of matter (it being only their 
relative velocities and quantities of matter 
which we need conſider), and any two num- 
bers that are as three to one, their velocities; 


now multiplying the quantity of matter in the 


firſt vis. 2 by its velocity 3, the product is 6 
and multiply ing the quantity of matter in the 
ſecond by its velocity, vir. 1 by 1, the pro- 
duct is one; their relative forces therefore or 
powers will be as 6 to 1, or the Moment of 
one is ſix times greater than that of the other. 
Again if their quantities of matter had been 
as 3 to 8 and their velocities as 2 to z, then 
would their Moments have been as 6 tO 24, 
that is, as I to 4. 

Tris being rightly apprehended, what fol- 
lows concerning the Laws of Communication 
of Motion by Impulſe, and the Mechanical 
Powers will be eaſily underſtood. 

The Communication of Motion. 
I. In Bodies not Elaſtic. 
III. TnoskE Bodies are ſaid to be not Ha- 
ſtic, which when they ſtrike againſt one ano- 
ther do not rebound, but accompany one a- 
nother after Impact as if they were joyned. 
This proceeds from their retaining the impreſ- 
ſion made . upon their ſurfaces after the im- 
preſſing force ceaſes to act. For all rebound- 
ing 
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ing is occaſioned by a certain ſpring in the, 
ſurfaces of Bodies, whereby thoſe parts, which 
receive the impreſſion made by the ſtroke, im- 
mediately ſpring back and throw off the im- 
pinging Body; now this being wanting in Bo- 
dies void of Elaſticity there follows no ſepara- 
tion after Impact. 

IV. Wu one Body impinges on another 
which is at reſt, or moving with leſs velocity 
the ſame way, the quantity of the motion or 
Momentum in both Bodies taken together re- 
mains the ſame after Impact, as before ; for 
by the 34 Law of Nature, the reaction of one 
being equal to the action of the other, what 
one gains the other mult loſe. 

Thus, ſuppoſe two Bodies one impinging 
with 12 degrees of velocity on the other at 
reſt : the quantities of Matter in the Bodies 


being equal, their Moments and velocities are 


the ſame; the ſum in both 12; this remains 
the ſame after Impact (F. 4.), and is equally di- 
vided between them (F. 3 ); they have there- 


fore 6 a piece, that is the impinging Body com- 


municates half its velocity and keeps half. 
V. Wren two Bodies impinge on each o- 
ther by moving contrary ways, the quantity 


of motion, they retain after Impact, is equal 


to the difference of the motion they had be- 
fore; for by the 3d Law of Nature, that 


which had the leaſt motion, will deſtroy an 
mow! quantiry in the other, after which they 


Will 


Chap. 9. Communication of Motion. 4.9 


will move together with the remainder, that 


is the difference. 

Tus for inſtance, let there be two equal 
Bodies moving towards cach other, the one 
with 3 degrees of velocity, the other with 5, the 


difference of their Moments or velocities will 
be 23 this remains the ſame after Impact (F. 5.) 


and is equally divided between them (5. 3.) 
they have therefore one a picce: that is, the 
Body which had 5 degrees of velocity, loſes 
3 oras much as the other had, communicates 
half the remainder, and keeps the other half X. 
IL In Elaſtic Bodies. | 

VI. BopEs perfectly Elaſtic are ſuch as re- 
bound after Impact with a force equal to that 
with which they impinge upon one another: 
thoſe parts of their ſurfaces, that receive the 
impreſſion, immediately ſpringing back, and 
throwing off the impinging Bodies with a force 
equal to that of Impact. c 


* From theſe poſitions it is eaſy to deduce a Theorem, that 
ſhall ſhew the velocity of Bodies after Impact in all caſes what- 


ever. Let there be two Bodies A and B, the velocity of the firſt 
| © of the other 5; then (F. 2.) the Moment of 4 will be expreſſed 


buy Aa, and of B by Bb: therefore the ſum of both will be Aa BE; 
and Aa BB will be the difference when they meet. Now theſe 
| quantities (by $. 4. and 5.) remain the ſame after Impact; but 


knowing the quantities of motion and quantities of matter, we 


have the velocity (which F. 3. is the ſame in both) by dividing 
the former by the latter, (as follows from F. 2.) therefore 
Aa+Bhb Aa—Bb | 


T or -= Will in all caſes expreſs the velocity of 
the Bodies after Impact, 
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VII. FROM hence it follows that the action of 
Elaſtic Bodies on cach other (that of the ſpring 


being equal to that of the ſtroke), is twice as 


much as the ſame in Bodies void of Elaſticity. 
Therefore when Elaſtic Bodies impinge on each 
other, the one loſes and the other gains twice 
as much motion as if they had not been E- 
laſtic; we have therefore an eaſy Way of de- 
termining the change of motion in Elaſtic 
Bodies, knowing firſt what it would have been 
in the ſame circumſtances, had the Bodies been 
void of Elafticity. 

Tavs if there be two equal and Elaſtic Bodies, 
the one in motion with 12 degrees of velo- 
city impinging on the other at reſt, the im- 
pinging Body will communicate twice as much 


velocity as if it had not been Elaſtic, that is, 


(by F. 4.) 12 degrees or all it had; conſe- 
quently it will be at reſt, and the other will 
move on with the whole velocity of the former. 

VIII. Ir ſometimes happens that in Bodies 
not Elaſtic, the one loſes more than half irs 
velocity, in which caſe ſuppoſing them Ela- 


ſtic it loſes more than all; that is, the exceſs. 


of what it loſes above what it has, is negative, 
or in a contrary. direction; thus ſuppole the 
circumſtances of Impact ſuch, that a Body 
which has but 12 degrees of velocity, loſes 
16; the overplus 4 is ro be taken the contrary 
way, that is, the Body will rebound with 4 


degrees of velocity. v. . Let ĩt be required to de- 


termine 


termine the velocity of a Body after Impact 
againſt an immoveable object. Let us firſt ſup- 


| poſe the Object and Body both void of Ela- 
ſticity: tis evident the impinging Body would 


be ſtopt or loſe all its motion, and commu- 
nicate none; if they are Elaſtic, it muſt loſe 
twice as much (by F. 7.) and conſequently will 
rebound with a force equal ro that of the 
ſtroke. 

IX. Ir is ſufficient if only one of the Bo- 


dies is Elaſtic, provided the other be infinitely 


hard; for then the impreſſion in the Elaſtic 
Body will be double of what it would have 
been, had they both been equally Elaſtic : and 


_ conſequently the force with which they re- 


bound will be the ſame as if the impreſſion 
had been equally divided between the two 
Bodies. - 


X. THERE are no Bodies that we know 
of, either perfectly Elaſtic or infinitely hard; 
the nearer therefore any Bodies approach to 


perfection of Elaſticity, ſo much the nearcr 


, do the Laws they obſerve in the mutual 


communication of their motion, approach to 
thoſe we have laid down. 


XI. Sir Iſaac Newton made trials i. ff 
vexral Bodies, and found that the ſame degree 


of Elaſticity always appeared in the ſame Bo- 
dies, with whatever force they were ſtruck ; 
ſo that the Elaſtic power in all the Bodies he 


: made trial upon, exerted it {elf in one con- 
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52 Communication of 


Motion. Part I. 
ſtant proportion to the compreſſing force. He 
found the celerity with Which Balls of Wool 
bound up very compact, receded from each 
other, to bear nearly the proportion of 5 to 9 
to the celerity wherewith they met; and in 
Steel he found nearly the ſame proportion; 
in Cork the Elaſticity was ſomething leſs; 
but in Glaſs much greater; for the celerity 
with which Balls of that material ſeparated 
after percuſſion, he found to bear the propor- 
tion of 15 to 16 to the celerity wherewith 


they met x. 


XII. WE have hitherto ſuppoſed the di- 
tection in which Bodies impinge upon one 
another to be perpendicular to their ſurfaces: 
When it is not 10, the force of Impact will be 
leſs, by how much the more that direction va- 
ries from the perpendicular; for it is mani- 
feſt that a direct impulſe is the greateſt of all 
others that can be given with the ſame degree 
of velocity }. 0 5 


* Newt. Princip. Phil. pag. 21. | 

＋ The force of oblique Percuſſion is to that of direct, as the . 
Sine of the Angle of Incidence to the Radius. | | 

Dem. Let there be a plane as AD (Fig, 24.) againſt which 
let a Body impinge in the point D in the direction BD: which 
line may be ſuppoſed to expreſs the force of direct Impulſe, and 
may be reſolved into two others (Chap. 4. F. 2.) BC and BA; 
the one parallel, the other perpendicular to the Plane ; but that 
force which is exerted in a direction parallel to the Plane can no 
way affect it; the ſtroke therefore ariſes wholly from the other 
force expreſſed by the line BA; but this is to the line BD, as 
the Sine of the Angle of Incidence ADB to the Radius; from 
whence the Propoſition is clear, : 


If 
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Chap. . Communication of Motion. 5 3 
XIII. This is the caſe when Bodies impel one 
another by acting upon their ſurfaces; but in 
forces where the ſurfaces of Bodies are not con- 
cerned, as in Attraction &c. we muſt not conſi- 
der the relation which the direction of the force 
has to the ſurface of the Body to be moved, 
but to the direction in which it is to be moved 
by that force. Here the force of action will 
be leſs, by how much the more theſe two di- 
rections vary from each other Xx. My mean- 
ing in both caſes will be underſtood from the 
inſtance of a Ship under Sail. The force by 
which the Wind acts upon the Sail, will be 
leſs, by how much the more its direction va- 
ries from one that is perpendicular to its ſur- 
face: but the force of the Sail to move the 
Ship forward, will be leſs, by how much the 
more the direction of the Ship's Courſe varies 
from that in which ſhe is impelled by the 
Sail. ER | 


If the ſurface of the Body to be ſtruck is a Curve, then let 
AD be made a Tangent to D the point of Incidence, and the 
Demonſtration will be the ſame. _ | 

*The force of oblique action is to that of direct, as the Co- 
Sine of the Angle comprehended between the direction of the 
force, and that wherein a Body is to be, moved thereby, to the 
Radius. | 

Dem. Let FD (Fig. 25.) repreſent a force acting upon a Body 
as D, and impelling it towards E; but let D M be the only way 
in which it is poſſible for the Body to move; the force FD may be 
reſolved (Chap. 4 F: 2.) into two others FG and FH, or which 
is equal to it & D; but 'tis evident that only the force GD im- 
pels it towards M. Now, FD being the Radius, GD 1s the 

 Co-Sine of the Angle FDG comprehended between the two di- 
rections FE and GM; from whence the propoſidion is clear. 
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XIV. To this we may add the following 
Propoſition, relating to oblique forces, w7z. 
that if a Body is drawn or impelled three dit- 
ferent ways at the ſame time by as many for- 
ces acting in different directions; and the quan- 
tity of thoſe forces is ſuch that the Body is 
kept in its place by them : then will the for- 
ces be to each other as the ſeveral ſides of a 
triangle drawn reſpectively parallel to the di- 
rections in which the forces act X. 


“ Dem, Let the lines AB, AD, AE, ( Fig. 26. ) repreſent the 
3 forces acting upon the Body A in thoſe Ae and by that 
means keeping it at reſt in the point 4. Then the forces EA 
and DA will be equivalent to BA otherwiſe the Body would 
be put into motion by them (contra Hypoth.) But theſe forces 
are alſo equivalent to AC (Chap. 4. F. 2) conſequently 4C 
may expreſs the other force, and EC, which is parallel and equal 
to AD, may expreſs that force : but 4 CE is a triangle whoſe 
ſides are all parallel to the given directions, therefore the ſides of 
chis triangle will expreſs the W of ne forces by which the 
xa is kept at reſt. Q. E. B 
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CHAP. X. 
f the Mechanical Powers. 


AVING in the foregoing Chapter 
accounted for the Communication 
of Motion by Impulſe; we proceed next to 
conſider motion as communicated without Im- 
pulſe; which is done by means of certain In- 
ſtruments, commonly known by the names 
of Mechanical Powers. The uſe of theſe Pow- 
crs conſiſts chiefly in managing great Weights 
or performing other Works with a determi- 

nate force. 

II. Tua are uſually reckoned five. wiz. 
The Lever, the Wheel and Axis, the Pully, 
the Screw, and the Wedge; to which ſome. 
add the Inclined Plane. To theſe all Machines 
how complicated ſoever are reducible. 

III. TnEsE Inſtruments have been of very 
ancient uſe; for we find that Archimedes, was 
well acquainted with the extent of their Power, 


as may be inferred from that celebrated ſaying 
of his, Abs & fs, x T yi won, By which 
he meant that the greateſt imaginable Weight 
might be moved with the ſmalleſt Power. 

IV. THAT Body which communicates mo- 
tion to another, is called the Power; chat which 
receives it, the Weight, | 
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V. Tuar point in a Body which remains 
at reſt, while the Body is turning round, is 
called the Center of Motion. Beſides this, there 
are two other Centers in Bodies, 1. that of 
Magnitude, which is a point, as near as poſſi- 
ble, equally diſtant from all the external parts 
of the Body; 2. that of Gravity, or that about 


which all the parts of the Body, in whatever 


ſituation it is placed, exactly balance each 
ner. | up 
VI. Warn a Body communicates motion 
to anorher, it loſes juſt ſo much of its own, 
as it communicates to that other; the action 
of one being equal to the reaction of the other. 
See Chapter the laſt F. 4. and 5. 


VII. WEN two Bodies have ſuch relation 


to each other (ſuppoſe them fixed to different 


parts of the ſame Machine) that if one be put 


into motion, the other will thereby have ne- 


ceſſarily ſuch a degree of velocity given it, 


that their Moments * will be equal; it will 


then be impoſſible that one ſhould begin to 
move without communicating to the other a 


* Tt was propoſed (Chapter the laſt) to give ſome farther ex- 


plication of the term Momentum in this place, and to ſhew that 


the Force or Power any Body has (except ſuch as does not pro- 
ceed from motion) wholly depends upon it.: it being then intended 
to treat this Subject in the uſual way. But the method here made 


uſe of renders ſuch explication unneceſſary; *tis ſufficient if the 


Reader underſtands by it the quantity of motion in a Body, or 


Its quantity of matter multiplied by its velocity, as defined in 
tat Chapter. 2s | 


quans 
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quantity of motion equal to its own ; tis evi- 
dent therefore from the laſt Propoſition, that 


if we ſuppoſe it to begin to move; in that 


very inſtant it muſt loſe all its own motion by 


communicating it to the other Body: and con- 


ſequently will remain at reſt, communicating 
none at all. Now the Moments of two Bo: 
dies are equal (Chap. 9. F. 2.) when the velo- 
city of the firſt is to that of the ſecond, as the 
quantity of matter of the ſecond to that of the 
firſt; for if we ſuppoſe their quantities of 
matter as 1 to 3, then by the ſuppoſition their 
velocities are as 3 to 13 and if we multiply 
the quantity of matter in the firſt viz. 1, by 
its velocity 3, and that of the other viz. 3 by 
its velocity 1; their products are equal; their 
Moments arc therefore by the Definition (Chap, 
9. F. 1. and 2.) equal. They will alſo be e- 
qual, when the ſpaces the Bodies pais over are 
in that proportion; for the times they both 
move in being the fame, the ſpaces Will —_— 
be as the velocitics. 

VIII. FRo hence it Gallows, that in any 
Machine whether ſimple or compound, the 
Power however ſmall may have a Moment 
equal to that cf the Weight; provided the 


Machine be ſuch, that wks it is in mos» 


tion, the velocity of the Power ſhall excced 


that of the Weight, as much as the Weight 


is larger than the Power; for then what the 
Power Wants in quantity of matter or weight 
H a will 


5 8 The n eee. 
will be made up in velocity; conſequently 
their Moments will be equal by S. the laſt, and 
therefore by F. 7. they will exactly balance each 
other; or be in Aquilibrio. 

IX. Bur if the Power bears a greater pro- 


portion to the Weight, than the velocity of 
the Weight to that of the Power; it will then 


have a greater Momentum than the other, and 
conſequently may communicate ſuch a Mo- 


mentum to it as it will receive, without loſing 


all its own; the remainder therefore, if ſuffl- 


cient to overcome the friction of the Machine, 


will put it into motion. We proceed now to 


treat of each Mechanical Power in its oradcr, and 
I. Of the Lever. 


X. Tux Lever is a right line (or bar whoſe. 


weight in Theory is not conſidered) moveable 
on a Center, Waich is called its Fulcrum. or 
xed Point. 
XI. ThE Æquilibrium in this lackine is, 
when the diſtance of the Power from the fix- 


ed point is to that of the Weight from the 


ſame, as the quantity of matter in the Weight 
to that in the Power. 


For ſuppoſing the Lever placed on its Ful- 


crum with the Weight to be raiſed at one 
end, and the Power applied to the other; 
tis cvident the farther the Power is placed 
from the Fulcrum or center of motion, the 
larger will be its ſweep when the Machine is 
put i in motion; that is, it will move over ſo 


much 
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much more ſpace in the ſame time than the 
, Weight to be raiſed: now if it is placed juſt 
ſo much farther from the Fulcrum, as it is 
[leſs than the Weight, it will move juſt ſo 


much faſter ; their Moments therefore will be e- 


qual (5. 7.) and conſequently the Power and 
Weight will exactly balance each other, or be 


7 


in Aquilibrio x. And if the Power is ſuffi- 
cCiently augmented to overcome the friction of 


the Machine, it will put it in motion. 


Tax Lever is of 3 kinds. 1. When the 


fixed point is between the Weight and the 
Power, as in the laſt caſe. 2. When the Weight 


and tne Weight. 
IN all which caſes the Æquilibrium will be 


is between the fixed point and the Power, 
3. When the Power is between the fixed point 
7 


when their diſtances from the fixed point are 


ſuch, that their velocities ſhall be inverſely as 


their quantities of matter; for then by F. 7. 


being at reſt, neither of them will commu- 


nicate any motion to the other. 


* Geometrically thus. Let AB (Fig. 27.) repreſent the 


Lever, F the Fulcrum, # the Weight, P the Power, the one 
ſuſpended at the extremity of the Lever 4, the other at B, and 
let BF be to FA as V to P; then while the Lever moves from 
the fituation AB into that of CD, the point B which ſuſtains 
the Power will move as much farther than A which ſuſtains the 
Weight (and tonſequently as much faſter ſince they perform 
their. motions in the ſame time) as the arch BD is longer than 
JC; that is, the triangles BFD and AFC being ſimilar, as the 
arm BF is longer than AF, which (ex Hypoth.) is as much as 
the Weight exceeds the Power, they will therefore (F. 7.) be in 
FEquilibrio, Q. E. D. + | 
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60 The Wheel and Axis. Part I. 


Tag common Scales may be conſider- 


ed as a Lever of the firſt kind, where the 


Weight and Power arc applied at equal diſtan- 

ces from the fixed point. 

Tue Steelyard is alſo a Lever of the firſt 

kind, whole arms are uncqual. | 
Tas difference between the uſe of the 

Scales and the Steelyard conſiſts in this; that 

as in one you make uſe of a larger Po. 


er (or more Weights) to eſtimate the weight 


of an heavier Body; in the other you uſe the 
ſame Power, but give it a greater velocity 
with reſpect to that of the Weight by apply- 
ing it farther from the fixed point, which by 
8. 7. will have the ſame effect. 
II. The WHEEL and Axis. 
XII. Tris Machine is a Wheel, that turns 


round togcther with its Axis; the Power in 


this is applied to the Circumference of the 


Wheel, and the Weight drawn up by means 
of a Rope wound about the Axis. 


XIII. In this there will be an Æquilibrium, 


when the Weight is to the Power, as the Dia- 


meter of the W heel to the Diameter of the 
Axis. 

TIs evident, the velocity of the Power will 
exceed the velocity of the Weight, as much 
as the Circumference of the Wheel excceds 


| that of its Axis; becauſe the ſpaces they paſs 


over in one revolution will be as thoſe Cir- 


cumferences; 3 that is, as much as the Diaracter 


of 


3 > 9 wo . 
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of one exceeds that of the other, (the Circum- 
ferences of Circles being as their Diameters 3) 


What therefore in this caſe the Power wants in 


weight will be made up in velocity, from. 
whence (F. 7.) there will be an Aquilibrium X. 
THE uſe of this Machine is to raiſe 
Weights to greater heights than the Lever can 
do, becauſe the Wheel is capable of being 
turned ſeveral times round, which the Lever 
is not; and allo to co icate motion from 
one part of a Macking to another ; accordingly 
there are few compound Machines without it. 
III. The PuLLzr. 
XIV. A Pulley is an Inſtrument compoſed 
of one or more Wheels moveable on their 
Ale | 
XV. A ſimple Pulley, if its Axis is fixed, 
is of no other uſe, than to alter the dire- 
ction of the Power; for the Power and 
Weight will both move through an equal 
ſpace in the ſame time. But in a Pulley not 
fixed, as in Fig. 29. where the Rope runs un- 


der it, or in a combination of Pullies as in 
Fig. 30. the Æquilibrium will be, when the 


* Geometrically thus, Let 4B (Fig. 28.) be the Diameter. 
of the Wheel, DE that of the Axis, I the Weight, and P the 
Power; when the Wheel begins to move, the point B and D 
will deſcribe ſimilar Arches about the Center C, in the fame 
manner the point 4 and B in the Lever were ſhewn to do about 
the fixed point F (Fig. 27 ) that is the point B will move as 
much faſter than D, as CB is longer than CD or AK than DE, 
the motion therefore of P ($. 7.) will be equal to that of . 
From whence the Propoſition is clear. | | 


Power 


— 


=_ | The Pulley hue I. 


power is to the Weight, as one to a num- 


ber of Ropes, that paſs between the upper 1 
lower Pullics. 


Soros one end of the Rope fixed in B 
(Fig. 29.) the other ſupported by the Power 


P, it is evident, that in order to raiſe the Weight 
W one foot, the Power muſt riſe two, for 
both Ropes viz. BC and CP, will be ſhorten- 
ed a foot apiece, whence the ſpace run over 
by the Power, will be 4 to that of the 
Weight; if therefore the Power is to the Weight 
as I to 2, their Moments will be equal: for 
the ſame reaſon if there be 4 Ropes paſſing 
from the upper to the lover Pullies as in Fig. 
30. the velocity of the Power will be quadru- 
ple to that of the Weight, or as 4 to r. Cc. In 
all caſes therefore when the Power is to the 
Weight, as one to the number of Ropes paſ- 
ſing from the upper to the lower Pullics, (F. 7 ) 
there will be an AÆquilibrium. 

XVI. Ir the Pullies be diſpoſed as in Figure 
the 31//, cach having its own particular Rope, 
the action of the Power will be very much in- 
creaſed; for here every Pully doubles it, where- 
fore the Power is 4 times greater with 2 Pul- 


lies, 8 times with 3, 16 times with 4 cc. For 


it is evident from the conſideration of the Fi- 


gure, the firſt will move half as faſt as the 


Power, the ſecond half as faſt as that, and ſo on; 


wherefore (5. 7.) the Power is doubled by 
each . 
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Chap. ro. The Screw. 63 
Tus uſe of the Pulley is nearly the ſame 
with that of tke Wheel and Axis, but it is 
more portable and eaſier to be fixed up. 
IV. The ScREW. 

XVII. Ix this Machine the Aqpilibrium 
will be, when the Power is to the Weight, 
as the diſtance between any two contiguous 
threads or ſpirals in the Screw, to the way de- 
ſcribed by the Power in one whole revolu- 
tion. . It is manifeſt from the form of the 
Machine (Fig. 32.) that in one revolution of 
the Screw, the Weight will be moved through 
a ſpace equal to the Giſtance of two contiguous 
threads, and that the Power will run through 
a ſpacc equal to the compaſs it takes in one 
revolution, therefore (F. 7.) if the Weight 
_ exceeds the Power in this proportion, there 
will be an ZAquilibrium. 

THIS Machine is of great force, and 
very uſeful in retaining Bodies in a compreſſed 
ſtate, becauſe it will not run back, as the 
three foregoing will when the Power is re- 
moved. This ariſes from the great friction 
of thoſe parts in the Screw, which during its 
motion ſlide upon thoſe, that are at reſt. 

d. The Wines 

XVIII Tus Inſtrument is formed by two 
equal rectangles joined at their lower baſes, 
and ſeparated at their upper ones, by a third; 
which is called the Back of the Weage's the o- 
cher two, its Sides, 
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" The Wedge. Part. I. 
XIX. IN the foregoing Mechanical Pow- 

ers we have all along conſidered the Weight, | 

as moved in the ſame direction with that in! 

which it is ated upon by the Machine, as is 4 

commonly the caſe; but in this, the Weight 

is generally applied in ſuch a manner as to 

be made to move in a direction different from 

that in which it is protruded by the Wedge; 

hence it is, that Mathematicians have differed 

in their determination of the Power of this 

Machine, ſome conſidering the Weight as mo— 

ved by it in one direction and ſome in another. 

Nay there are ſome (I ſpeak of late Writers) 

that have differed from Truth it ſelf. We will 

therefore lay down the ſeveral Proportions they 

have given us for the determining the Power 

of this Machine and examine them one by one. 

1. It is demonſtrated oy ſome, that the Power 

will be equivalent to the reſiſtance of the 

Weight, when it bears ſuch proportion to it, 

as the breadth of the Back of the Wedge, does 

to the ſum of its Sides; or, which is the 

ſame thing, as half that breadth to one of its 

Sides. 2. Others make it ſomewhat larger, 

and demonſtrate that it ought to be as half 

the breadth of the back to the perpendicular 

height of the Wedge. 3. Some are of opi- 

nion, that there will not be an Aquilibrium 

in this Machine, unleſs the Power is to the 

Weight, as the whole breadth of the Back to 

the perpendicular height. Vallis, Keil &c. 4. 
es | | 1 Crave- 
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Grave ſande in his Elements (L. I. Ch. 13.) gives us 


the ſame proportion with the laſt; and in his 
Scholium de ligno findendo, tells us, that when the 


parts of the wood are ſeparated no farther than 


the Wedge is driven in, the AÆquilibrium will 
be, when the Power is to the Reſiſtance, as 
half the breadth of the Back of the Wedge to 
one of its Sides. 

Tnosk who lay down the firſt Proportion 
for determining the Power of this Machine, 
ſuppoſe the parts, which are ſeparated from 
each other thereby, to recede from their firſt 
ſituation in directions perpendicular to the 
ſides of the Wedge. Thus let A CB (Fig. 33.) 
repreſent a Wedge; P, P, two Bodies to be ſe- 


parated by it, the one to be moved towards 
I, the other towards E, in the directions CI 


and CF perpendicular to AC and CB ; then 
tis evident that when the Wedge is driven in 
to the ſituation MNO, the two Bodies will 
be moved to Q and Q; that is, one will have 
paſſed through the ſpace CK the other through 
CL, but theſe ſpaces being equal, their velo- 
cities are the fame as if they had both paſled 
over one of them. v. g. CL, or which is cqual 
to it DG (drawn perpendicular to CB); there- 
fore the Power which we ſuppoſe applied at 


D moves through DC, while the obſtacle. 


moves through DG, conſequently (§. 7.) when 


the F is to the Weight as DG to DC, 
1 that 
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that is, as DB to CB*, or half the Back of 
the Wedge to one of its Sides, they will be in /E- 


quilibrio. This proportion therefore, when 
the parts of the Weight are moved by the 
Wedge in the directions CI and CF, may be 


admitted as true. 
2. THE fecond proportion is alſo true, ſup- 


pofing the Bodies P, P, to recede from each 


other in the directions CN, CM, parallel to 
AB the Back of the Wedge; for when the 


Wedge is driven in between them, to the 


ſituation MN O, the Bodies will have moved 
through a ſpace as CN, or which is equal to 
it DB, half the Back of the Wedge, and the 
Power through a ſpace equal to its height as 
before; conſequently (F. 7.) in this caſe, the 

Aquilibrium will be, when the Power is to 


the Weight, as half the Back of the Wedge 
to its height + 


* For (8. . 6.) the rriangles DCG a DCB are ſimilar, 
and conſequently DG : DC:: DB: BC. 

+ The ſame may be otherwiſe demonſtrated from Section 14. 
Chapter 9. thus. Let there be a Body as L (Fig. 34. } drawn 
againſt the Wedge ABC by the Weight V, in the direction LF; 
parallel to the back of the Wedge AB ; but prevented from ſliding 
down towards C by a Plane (whoſe upper ſurface we may ſup- 
poſe repreſented by EF) lying under it. I fay, the 1 
will be to the Weight, W hen W are in Agquilibrio, as D B 
to DC. 


Dem. The Body L is here acted upon in three directions, viz. 
by the force of the Weight in the direction LF, by the two 


Planes CB and EF, in the directions LG and LI. perpendicular 
to their ſurfaces ; jet CE be drawn parallel to LI. then will 
the triangle LGE have all its ſides refpattively parallel to thoſe 
directions; conſequently (Chap. 9. f. 14) if we ſuppoſe LE to 
Fre 
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3. Thosk, who imagine there will not be 
an Aquilibrium, unleſs the Power be to the 
Weight, as the whole breadth of the Back of 
the Wedge to its height, ſuppoſe as in the laſt 
cale, that the Bodies to be ſeparated, recede from 
each other in directions parallel to the Back 
of the Wedge; and endeavour to ſupport 
their opinion by the following Argument : 
Li. that, when the Wedge is driven in to the 
ſituation MNO (Fig. 33.) as before, each part 
of the Weight having moved through a ſpace 
equal to half the Back of the Wedge, the whole 


Weight has therefore moved through twice 


ſo much, or a ſpace equal to the whole Back: 


as much as to ſay, the whole has moved far- 


ther than its parts; which is abſurd, 


expreſs the force of the Weight , GL will repreſent the preſ- 
ſure of the Body L againſt the Wedge; and if that is reſolved 
into GE and GH the one perpendicular to the direction of the 
Power, the other parallel and contrary to it; the lait, viz. GE, 
will expreſs the whole force of the Weight to reſiſt the motion 


of the Power; but GE is to EL, as DB to DC {for the triangle 


EGLand DBC are ſimilar, the ſides of one being ex Conſtruct. 
reſpectively perpendicular to thoſe in the other; v. g. LG to CB, 
EL to DC and GE to DB) ; conſequently the Power is to the 
Weight, when they balance each other, as half the breadth of 
the Back of the Wedge to its height. 2. E. D. 

Corel. Suppoſe the Body L had been drawn againſt the Wedge 
in the direction G L perpendicular to its ſurface, and to be mo- 
ved by the Wedge in the contrary direction towards G, as in the 


firſt caſe; then if GL expreſſes the force with which it is drawn 


towards the Wedge, GE will be that with which it reſiſts the 
Power; but GE is to GL as DB to BC, the triangles EG L and 
DBC being ſimilar; conſequently in this cafe, the Power will 
be to the Weight, as half the breadth of the Back of the 
| Wedge to, ong of its fides ; as was before demonſtrated. 


= 2. 4. 


* I 
. 


* . 
* 3 ot: — 4 1 a 2 - " 
2 n c 8 ng 7 E e e ee al N I 
_ . KS 3 — Cot cc — — 2 
— 2 22 * be 2 _ ä a 
n 


n 
_ 
46 


« e 
21 2 2 


— OE.g — OE" ace OT 


e N 


e . hotter et os: nar ror ee 


F os SS, * 
e 


68 Te IV ues - Furt . 


4. Tuls is Grave ſandes miſtake in his Ele- 
ments, the ſame he has alſo made in his Scho- 
lium de ligno indendo, and thereby determined 


the Power in both places to be twice as big. 


as it ought to be. If he had proceeded in the 
following manner, his Argument would have 
been eaſier, as well as the Concluſion juſter. 
Suppoſe the Wedge ABC driven into the 


Wood QLQ, (as repreſented Fig. 35.) which 


is ſplit no farther than the point of the Wedge, 
or however no farther than is juſt ſufficient to 
give it room to move, I ſay that in this ſitua- 
tion of the Wedge, the Power is to the Weight, 


as one fourth part of the Back of the Wedge to 


one of its Sides. For it is evident, that when 
the upper ends of the Wood, which preſs a- 


gainſt the Wedge in the points G, H, are put 


into motion by the Wedge, they will move 
in the directions HI and G F, perpendicular to 
the ſides of the Wedge, becauſe they turn as 
it were upon a joynt at L, which we ſuppoſe 
contiguous to C: again, ſince only the upper 


ends of the Wood are put into motion, and 


not the lower ones, which remain at L; 'tis 
evident that the motion of each piece (ſup- 


poſing their thickneſs the ſame from end to 


end, and their ſubſtance uniform) will be 
but half, what it otherwiſe would have been. 


Now were all the parts of the Wood to have Z 


the ſame degree of velocity, the Power would 
be to the Weight, as in the firſt caſe, viz. 
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Chap. 10. The Inclined Plane. 69 
as DB to BC (Fig. 33.); therefore in this 
caſe, it is as half DB to BC, or as one fourth 
part of the Back of the Wedge to one of its 
Sides. Which was to be proved. 


XX. Tux form of the Inclined Plane being no 
other than that of half a Wedge, as is mani- 


feſt from the repreſentation of it (Fig. 36.) it 


follows that what has been demonſtrated of 
the one, may be applied to the other, and 
the propertics of both will be the fame, For 
inſtance, if the Weight W is to be raiſed up 
the Plane CB, by the Power P, in a direction 


parallel to the Plane; inſtead of that, we may 
ſuppoſe the Weight prevented from running off 


the Plane by the String WB, and the inclin- 


cd Plane driven under it like a Wedge in the 


direction DC: then will the Weight riſe to- 
Wards G in a direction perpendicular to CB, 
for we ' muſt always ſuppoſe the String CB 
parallel to the Plane, as it would have been, 
if the Weight had been drawn up by it; then 
will the action of the Plane upon the Weight 


be ſimilar to that of the Wedge in the firſt 


caſe; and conſequently the Power will bear 
ſuch proportion to the Weight, as DBtoBC; 


that is, as the height of the Plane to its length. 


Again, ſuppoſe the Weight was to have been 
drawn up the Plane by a String in the dirc- 


ction WF parallel to the baſe of the Inclin- 


cd Plane CB; then if the Plane be driven un- 


der the AL as before, it muſt riſe in a 
direction 
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70 The Concluſion. Part I. 
direction perpendicular to CD, that is parallel 
to DB: then the caſe will be analogous to the 


24 of the Wedge; conſequently the Power 
will be to the reſiſtance of the Weight, when 


there is an Equilibrium, in the proportion of 
DB to DC, as there demonſtrated. 


XXI. Tarst are the Powers or Machines, 


which under different forms, conſtitute all o- 


thers how complicated ſoever; and as the . : 
quilibrium in any one of theſe is, when the 


Power and Weight are inverſely as their ve- 


locities; ſo in a Machine however compound- 
ed, the Power and the Weight will exactly 
balance each other, when they are in this 
proportion; for by F. 7. their Moments will 
then be equal, and the Machine, if at reſt will 
continue in that ſtate ; and if put into motion 
by an external force, will gradually loſe it, 
when that force ceaſes to act; on account of 
the unavoidable friction of the Machine, and 
the reſiſtance of the Air, which it muſt neceſ- 
ſarily meet with, unleſs its motion could be 
performed in a perfect Vacuum. From hence 


ve ſee the impoſſibility of contriving an En- 


gine, whole motion ſhould be perpetual , 


that is, ſuch as does not owe its continuance 


to the application of ſome external force; a 
Problem that has given birth to an almoſt 


infinite number of Schemes and Contrivances. 


For unleſs ſome method could be found out 
of gaining a force, by the artful diſpoſition 
"and 


Chap. 10. The Conclufion. 71 
and combination of the Mechanical Powers, e- 
quivalent to that which is continually deſtroy- 
ed by friction, and the reſiſtance of the Air, 
the motion which was at firſt given to the 
Machine muſt at length be neceſſarily loſt. But 
We ſee, that thoſe Inſtruments are only diffe- 
rent means, whereby one Body communicates 
its motion to another; and not deſigned to 
produce a force which had no exiſtence be- 
fore. A given force may be diſpoſed be- 
tween the Power and the Weight an infinite 
number of ways; but can never be augment- 
cd by any Mechaniſm whatever : ſo much as 
we place in the Power will always be loſt to 
the Weight, and what we attribute to the 
Weight will never be found in the Power. 
Tis for want of a due conſideration of this, 
that ſo many Mechanical Deſigns have proved 
abortive, ſo many Engines unequal to the 
performance for which they were deſigned, 
and ſo many impoſſibilities attempted. 


lr it were poſſible, ſays Bp. Viltius, to 
ce contrive ſuch an invention, whereby any 
ce conceivable Weight may be moved by any 
& conceivable Power, both with equal velocity 
ce (as it is in thoſe things which are immediately 
ce ſtirred by the hand, without the help of any 
© other inſtrument) the works of Nature 
ce would be then too much ſubjected to the 
power of Art; and Men might be thereby 
«« encouraged (with the Builders of Babel, wt 
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* Wilkins's Mathem. Magick. p. 104. 


requiſite in the Powers which, is to move 


ce it K. 


De Concluſiom. Part 1. 


the rebel. Giants) to ſuch bold a las: 
would not become a created Being. And 
therefore the Wiſdom of Providence has ſo 


invention hath in the ſtrength of its motion, 
is abated in the //owneſs of it; and what it 
has in the extraordinary quickneſs of its mo- 
tion, muſt be allowed for in the great frrength 


